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PREFACE 



The details of engineering practice are becoming daily more and more 
diyernfied, and although many branches of the profession are almost wholly 
pursued by specialists, the Engineer has constantly to enlarge his sphere of 
knowledge to keep pace with the requirements of the age. 

At the present time, science and its applications seem to go onward almost 
together. No sooner is a new fact announced than it is made available for some 
useful purpose ; and never was there an age so fertile in discoveries as that in 
which we live. They may be thought to be of a minor kind ; and we cannot 
perhaps hope that any discovery yet remains to be made of such iniportance 
and vital interest, as to work out a revolution in our industrial relations 
equivalent to that effected by the steam engine. We must expect rather to 
go on eking out and completing the fabric of our knowledge by the acquisition 
of absent details, and by arranging and harmonizing its parts, strengthening 
evidence and cancelling error, thus rendering the elements more and more 
intelligible, serviceable, and of readier access to the practical man. 

To aid in some measure the Engineer's professional labours, was the object of 
Spons' 'Dictionary of Engineering,* and the success which has attended its 
pubUcation has been a gratifying proof of its appreciation by those for whose use 
it was intended. 

As the book has now been some years before the public without addition or 
revision, there are many subjects of importance which, of necessity, are either 
not included in its pages, or have been treated less fully than their present 
importance demands. With the object, therefore, of remedying these omissions, 
this Supplement has been prepared. Each subject has been treated in a com- 
prehensive way, but of course without repeating the information already included 
in the body of the work. 

Such articles as those upon Air Compressors ; Belting ; Blasting ; Brakes ; 
Bridges; Chimneys; Electrical Engineering; Explosives; Gearing; Iron; 
Lights, Buoys, and Beacons ; Machine Tools ; Mining Machinery ; Railway 
Boiling Stock ; Bock Drills ; Sanitary Engineering ; Shafting, and the like, 
are treatises that may be sought for in vain in the technical text-books. 

It is a pleasing task to render thanks to those whose labours have so 
materially aided in the compilation of this Supplement. Their names are all 
duly recorded on the following page. 

ERNEST SPON. 

121, B1SHOP8OATB Stbeet WITH1^% 
Landonf May Ut, 1881. 
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Table IV.^Spbino B. 

Original length 46*9 mm. 

Finallength .. , 46*85 „ 

Set per cent of maximum oomprosaion . . 0-29 

Length after 8 mm. extension 46 '82 mm. 

Mean oompreadon a kilogramme 0*97 „ 



LcwdKllot. 



1-5 

4^5 

90 

13^5 

180 



GoinpretBloii 
Millimetres. 



II. 



1 

4 

8 

12 

17 



53 
38 
60 
90 
•11 



CompreMloo 
A Kilo. 



III. 



102 
0^97 
0-96 
0^96 
0-95 



DIfferenoe from Mean. 



Abeolate. 



IV. 



+ •05 
•00 
-01 
-•01 
-•02 



Per Cent. 



V. 



5-2 
00 
10 
10 
20 



Difference tnm Final. 



Abeolate. 



Percent. 



VI. 



VII. 



+ •07 
+ 02 
+ 01 
+ 01 
•00 



7-4 
21 
11 
11 
00 



Table V. — Sfbino Op 

Original length 46^25 mm. 

Finallength 46*19 „ 

Set per cent, of maximum oompreasion 0^45 

Length after 8 mm. extension 46*22 nun. 

Mean compression a kilogramme 0*85 „ 





I. 


II. 


ra. 


IV. 


V. 


VI. 


VIL 




' 


15 


1-49 


0-99 


•f- 14 


17-6 


+ •22 


28^6 






4*5 


8-91 


0*87 


+ ■02 


2-4 


+ •10 


130 






90 


7-33 


081 


-04 


47 


+ •04 


5-2 






13*5 


10-62 


0^79 


-•06 


70 


+ 02 


2*6 






17-5 


13-43 


0'77 


-•08 


9-4 


•00. 


00 





Table YL — Spbikg C,. 

Original length 43^42 mm, 

Finallength 43*36 „ 

Set per cent, of maximum compression * 42 

Length after 4 mm. extension 43*39 mm. 

Mean compression a kilogramme 1*64 „ 



Table TIL— Spbino D|. 

Original length 37^25 nun. 

Finallength 3713 ^ 

Set per cent of maximum compression .. 0*75 

Leng^ after 2 mm. extension 37*23 mm. 

Mean compression a kilogramme 0*53 „ 





I. 


11. 


IIL 


IV. 


V. 


VI. 


VII. 






0-75 


1-31 


1-75 


•f- 11 


6*7 


+ •19 


12-2 






800 


493 


1*64 


•00 


00 


+ •08 


51 






6^00 


9*73 


1*62 


-02 


1*2 


+ 06 


3*8 






9-00 


14^01 


1*56 


-08 


4-9 


•00 


00 







I. 


II. 


IIL 


IV. 


V. 


VI. 


VII. 






1*5 


1 

0^87 


0*58 


+ •05 


94 


+ •07 


13-7 






45 


2^57 


0-57 


+ *04 


7*6 


+ •06 


11-8 






90 


4-97 


0*65 


+ 02 


3-8 


+ 04 


7-8 






185 


7* 14 


0*53 


•00 


00 


+ •02 


3*9 






18*0 


935 


0-52 


-■01 


1*9 


+ 01 


1-9 






22-5 


11^49 


0^51 


-02 


3*8 


•00 


0-0 




. 


270 


1368 


051 


-02 


3-8 


•00 


00 






81^5 


16*04 


051 


-•02 


3*8 


•00 


00 
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Table VIII.-^fbimo D^ 

Original length 38'85min. 

JB*inal length 38'84 „ 

Set per cent, of maximum compreanon .. .. O'OG 

Length after 4 mm. extension 38*89 mm. 

Mean compression a kilogramme 1^50 „ 



LoadKUot. 



I. 



0-75 
300 
600 
900 



CompresBion 
MilUmetres. 



II. 



0-99 

4*49 

9-34 

14-15 



Compresilon 
a Kilo. 



IlL 



1-32 
1-50 
1-56 
1-57 



Biffereooe from Mean. 



Altaolute. 



IV. 



-•18 

•00 

+ 06 

+ •07 



P«r Oeni. 



V. 



120 
00 
40 
4-6 



Difference fh>m Final. 



Alisolate. 



VI. 



25 
07 
01 
00 



Per Cent. 



VII. 



15-9 
4-5 
0-6 
00 



Table IX.— Sfbino R 

Original length 43*02 mm. 

Final length 42*64 „ 

Set per cent, of maximum compression 2*2 

Length after 3 mm. extension 42*82 mm. 

Mean compression a kilogramme 0*98 „ 





I. 


II. 


III. 


IV. 


V. 


VI. 


VlL 






1*5 


1^53 


102 


+ •04 


41 


+ •06 


6*2 






4*5 


4^40 


0-98 


•00 


00 


+ •02 


21 






90 


8^74 


0-97 


-•01 


1*0 


+ •01 


10 






13-5 


13^20 


0*98 


•00 


0*0 


+ •02 


21 






18- 


17*31 

• 


0*96 


-•02 


20 


•00 


00 





In Tables II. to IX. the final length is the distance between the marks after all the weights have 
been removed, and the differenoe between that and the original lenetli, is the set which the spring 
took in the operation. Column I. of the Table gives tlie total load in kilogrammes, including the pin 
and scale, put on the spring, and Column II. gives the compression caused by that load. Column 
III. is the compression a kilogramme. The mean compression a kilognmme stated above each 
table is obtainea by plotting the figures of Columns I. and III., greatly exaggerating the com- 
pressions, and measuring the area thus obtained with a planimeter. In E^mdt's Tables the 
arithmetical mean of Column III. is taken as a sufficiently near approximation. In the majority of 
cases the two first places of decimals agree ; in none is the difference considerable. 

Column IV. gives the difference between the compression a kilo, at each load and the mean 
compression a kilo, for all the loads obtained as above, and Column V. gives the value of this 
difference as a percentage of the mean compression a kilo. Column VI. gives similarly tlie differ- 
ence between the compression a kilo, at each load and that at the maximum load, Column VII. 
giving this difference as a percentage of the compression a kUo. at the maximum load. 

None of the springs returned completely to their original condition after removal of the load. 
In one case, D,, the set was as little as 0*06 per cent, of the maximum compression of the spring; 
in one, E, as much as 2*2 per cent of the same quantity. In the mean, however, it is only 0*64 \)er 
cent. The mean absolute value of the set is about a tenth of a millimetre, and its effect on an 
indicator card, allowing for the increased stroke as in Table I., would be very nearly ^th of an 
inch. With the well-used spring E the set would appear on the scale of the diagram as about 
.f^th of an inch. 

Tlie conclusions as to the elasticity of the springs which can bo drawn from their behaviour 
under gradually inorea.sing loada are, however, much more important than these. In no case does 
the resistance of the spring to equal increments of pressure remain even approximately constant 
throughout its range. In every instance except one, the spring D., as will be seen by an 
examination of Column III., the resistance to compression is, as might be supposed, leas at small 
than at large pressures. The mean resistance is equal to the actual resistance at a point which 
varies from a fourth to a third of the maximum pressure, so that the compression is more uniform 
at higher than at lower pressures. The eight springs tested, the average condition of which 
seems certainly to have bet^n better than the condition of the springs which we commonly use in 
practice, show the following results ; — 
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Table X.— AyEOAOBS. 

Pfrrcent. 

Ayerage Tamtion of compreBsion a kilo, at y^^th of maximum prossore from mean 
compieasion A kilo ^ 7*7 

Average Yariation of compreaaion a Idlo. at }th of maximum pressure from mean 
oompreaBion a kilo., about 1*6 

Average yariation of oompresdion a kilo, at maximum pressure from mean oom- 
preittion a kilo ^ 4*2 

Average variation of compression a kilo, at ^th of maximum pressure fh>m com- 
pression a kUo at maximum pressure 13*1 

Average variation of compression a kilo, at }th of maximum pressure from com- 
pression a kilo, at maximum pressure, about .. ^ 6'5 

Average variation of compression a kilo, at i of maximum pressure from com- 
pression a kilo, at maximum pressure, about 2*8 

If therefore, the indications of these springs were read on a scale corresponding to their mean 
compression a kilo., there would be a probable error of over 4 per cent at full pressures, and of 
nearly 8 per cent at very low pressures, and special experiment would be required to sFiow whether 
the error was + or — , as is shown by the behaviour of the spring D,, Table VIII. If a scale 
wero ustrd, on the other hand, corresponding to the final compression a kilo., rather than to 
the mean, the probable error at full pressures would be very small, the mean error at half- 

J)ressure hieing only 2*8 per cent., and diminishing rapidly from that point to the maximum. At 
ow pressuzea the error of such a scale would be much greater than toat of the other, as Table X. 
shows. 

It must be borne in mind that the errors so far considered, are of quantities which correspond only 
to the ordinates and not to the areas of indicator cards. If we suppose, for example, that we could 
obtain an indicator diagram with ordinates corresponding to the measured compressions of 0,, 
Table YI., then if there were no expansion, and the back pressure line coincided with that of the 
atmosphere, so that the diagram was simply a rectangle, the error of area would be exactly the 
same as the error of height, or 4 '9 per cent, if measured with the mean compression scale, and 
0*0 per cent, if measnrea with the final compression scale. But if there were expansion, so that 
the upper line of the card varied in height, each pressure would have its own error, and the area of 
the whole figure would have an error somewhere between that of the greatest and that of the least 
ordinate. It is quite conceivable that the pressure might fall &r enough, and the shape of the 
diagram be such, that the errors of excess in one part of the card exactly balanced those of defect 
in the other. The mean pressure and the horse-power deduced from such a card might, therefore, 
be exactly right if measured by a mean compression scale, while the actual measured pressures 
might be very fai wrong at all points of the stroke except one. 

In the second series of experiments undertaken by Bemdt, the springs were heated by a jet of 
steam of a little over atmospheric pressure until a thermometer placed in the spring indicated 90° C, 
194° F. In other respects they were the same as the experiments already described, with the 
addition of springs F and O. 

The results are summarized in Table XL The length of the spring is first recorded, both cold 
and hot. These lengths do not in all cases correspond with the lengths given in the former Tables, 
as it was found necessary to re-mark some of the springs. The third line of Table XI. gives the 
length under the maximum load, the maximum compression being the difference between the 
mean loads applied. The fourth and fifth lines of the same Table record the effect on some of 
the springs, of removing and reapplying the maximum load two or three times, and also of setting 
the spring gently in vibration, while the maximum load was resting on it. The sixth and seventh 
lines show the final length of the spring, still kept hot, when the weights were removed, after it 
had been a little stretched by hand m the way formerly mentioned. The eighth line shows, lastly, 
the ob&erved lengths of the springs after they had become cold. 

Looking even at the springs least used, and otherwise in the best condition— as B, for instance — 
the set is quite appreciable. In the case of C. and D| the maximum load was removed and reapplied, 
without shock, two or three times, and in both instances the compression was very notably increased 
thereby. The springs Ci, 0,, D,, and E were set in vibration very carefully, when under their maxi- 
mum load, and always, it will be seen, with the same result, the increased compression being very 
marked in every case. With some of the springs the same operation was also carried on at smaller 
loads, and always with a perceptible increase of compression, the alteration being naturally, how- 
ever, less marked with the smaller pressures. 

The first part of Table XII. will enable a comparison to be made between the compression of the 
springs cold and hot. The mean compression a kilogramme is distinctly, but not very greatly, 
different in the two cases, the hot springs having sometimes a greater and sometimes a less mean 
compression. The behaviour of the heated springs under load was exceedingly irregular. The 
greatest compression a kilogramme was at the least load in A„ A,, B„ Ci, and C„ and at or near the 
greatest load in D,, D„ and E, while in most of the springs the changes in compression at medium 
loads seemed to follow no law whatever. 

The results of Berndt's experiments, up to this point, cannot be applied directly to the springs 
when working in the indicator cylinders. Their value lies in giving some idea of how far such springs 
as have been ordinarily used in practice, are really in themselves elastic, and how far their elasticity 
is impaired by use. 

.3 D 2 
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Table XI. 



Lengths giren ta MUllmetreB. 



Springs. 



Ai. 



1. Original length, oold 45-31 

2. „ hot 45-36 

3. Length under maximum loadAloQ.QQ 

hot 

4. Leneth after several removala 

and reapplications of maximum 
load, hot 

5. Length after being several times 

set in vibration under maximum 
load, hot I 

6. Final length after a few milli-1 

metres extension, hot . . . . f 

7. Final length after such extension V 

repeated twenty times, hot . . / 

8. Fioal length, cold 



45-28 



45-24 



B. 



Ci. 



C2« 



D,. 



Da. 



47-24 46-87 46-2543 39 37-20 38-88 
47 -29 46 -87 46 -30 43 -41 37 -20 38 -93 



29-49 



47 17 



29-0232-6828-46 



32-37 



3201 28-26 



46-79 

45*9143-38 
46-7445-93 



20-7824-50 



20-24 



36-32 



36-35 



41-15 
41-26 

23-83 



24-13 



38-77 



E. 



23-56 



41-01 



F. 



o. 



49-74 



47-58 



31-38 29-70 



•» 



The experiments show the compression of the springs with certain loads placed directly upon 
fhem, and the relation between the compressions and the loads. We know the diameter of tlie 
indicator cylinder iu each case, and the ratio in which the compression of the spring is increased by 
the pamllel motion ; these were all carefully measured, and the results have already been given in 
Table I. We are, therefore, able to calculate the scale of the diagram for each spring in its own 
indicator, neglecting piston friction, leakage, and the like. The question arises, how does this scale 
agree with the scales provided by the makers for the spring, and therefore, universally used with it ? 
For the sake of more easy comparison, we have reduced all the scales to pounds per inch, like those 
we are in the habit of using. Under the double line in Table XII. these scales are given both for 
the mean and the final compressions of the springs, and for both cold and hot experiments. Beneath 
these is given the scale supplied by the makers for each spring, and at the bottom of the Table the 
percentage of difference between the actual scales for the free springs and the scale commonly used 
for the same springs in the indicator. As ah illustration of the meaning of the figures. If we took 
spring G, cold, and put its maximum load, 9 kilogrammes, upon it, we should find it to be com* 
pressed 14-01 mm., or 1*56 mm. a kilogramme. Calculating from the dimensions of indicator 0, 
given in Table VI., we find that this corresponds to a diagram scale of 19*6 lb. an inch, that is, that 
3ie pencil would move through 1 in. for every 19*6 lb. pressure a square inch in the cylinder. 

Table XII. 



Compmskms given In Millimetres. 


Springs. 


Ai. 


Aj. 


B. 


Ci. 


Ca. 


Di. 


Dj. 


£. 


F. 


0. 


Mean compression a kilogramme, springs cold 
n T. fi hot 
Difference per cent of former 

Final compression a kilogramme, springs cold 
If *« ft liot 
Difference per cent of former 


0-89 
0-90 
+ 1-1 

0-84 
0-85 
-fl-2 


1-79 
1-78 
-0-6 

1-73 
1-75 
+1-2 


0-97 
1-00 
+3-0 

0-95 
0-99 
+4-1 


0-85 
0-84 
-1-2 

0-77 
0-78 
+1-3 


1-64 
1-67 
+1-8 

1-56 
1-66 
+6-4 


0-53 
0-51 
-3-8 

0-51 
0-54 
+5-9 


1-50 
1-59 
+6-0 

1-57 
1-60 
+1-9 


0-98 
0-98 
0-0 

0-96 
0-96 
0-0 


1-22 


1-19 


Scale for indicator^ Mean compression cold., 
cards, pounds an „ „ hot . . 
inch, correspond- Final „ cold., 
ingto: j „ „ hot.. 

Scale supplied with spring, lb. an inch 
former: ) « « *"" " 


39-1 
38-6 
41-4 
40-9 

44-26 

13-2 

14-6 

6-9 

8-2 


19-4 
19-5 
20-0 
19-8 

22-13 

14-1 
13-5 
10-6 
11-8 


29- 1 
28-2 
29-7 
28-5 

30-0 

31 
6-4 
1-0 
5-2 


36*0 
36-4 
39-7 
39-2 

45-1 

25-3 
23-9 
13-6 
151 


18-6 
18-3 
19-6 
18-4 

20-7 

11-8 

12-9 

5-6 

12-5 


68-9 
71-6 
71-6 
67-6 

• * 

■ • 

■ • 

• • 


24-3 
22-9 
23-2 
22-8 

22-13 

-8-9 
-0-3 
-4-7 
-0-3 


35-4 
35-4 
36-2 
36-2 

44-28 

25-0 
250 
22-3 
22-3 


22-7 
24-0 

5-7 


23-7 
24-0 

1-2 



The apparatus used in the experiments upon the springs in their indicators is shown in Figs. 
1505 and 1506. The boiler was below grounn, so that the pipe from it to the apparatus could slope 
always upwards. This pipe is seen at the right of Fig. 1505. It communicates through a stop 
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yalve j, with a oonple of cast-iron tTibes a a of 40 mm. internal diameter, bolted together and sap- 
ported horizontally on trestles. On these tubes are a number of branches, one of which is shown 
m section on a larger scale in Fig. 1506. Those marked b 6, which are about 16 in. apart, were 
used for the Bichards indicators, the indicator cock being screwed into the hole in the cap shown 
in Fig. 1506. The brunch c is for the connection to the mercury gauge, and the branches d d were 




used with the Aahton-Storey indicators. Longitudinal flanges // cast upon the tubes a a served 
for the attachment of boards, Fis?. 1506, in a oonyenient position for placing note-baoks upon. The 
branch e and the cock «* served to clear the tube of water if necessary. The syphon mercury gauge 
was used for determining the steam pressure. 

The experiments were conducted by three observers, one at the indicator and two reading the 
mercury gauge. On communication being made with the boiler, the cock e\ Fig. 1505, was left 
open until only pure steam issued from it before the ezperiments began. The readings of the gauTO 
were made always on a signal being given by the observer at the indicator. The observations made 
were in esdential points as follows ; their order was of course varied in different cases, and the 
whole series of observations were not made with every one of the springs. In the first place a 
horizontal line was drawn on the card by a pin fixed for the purpose to the frame of the indicator. 
This line served as an axis from which the various ordinates could be measured ; It was repeatedly 
checked, to make sore that the paper had not shifted on the drum. Before the admission of steam, 
and while the instruraeot was still cold, an atmospheric line was drawn. The piston rod was then 
gently raised by hand, and then left free to take up Its own position, which seldom coincided 
exactly with the former position. The spring was next depressed by hand in the same way, and 
again left free, and again in most cases it did not return quite to its former position. This raising 
and depression by hand were generally repeated once or twice. Steam was then admitted to the 
apparatus, and when the indicator cylinder had become fairly heated the same experiments were 
repeated. These experiments may be called deflection experiments. The height of the mean 
atmospheric line, which will be afterwards referred to as that from which pressure ordinates were 
measured, was taken as the arithmetical mean of the observed heights, after upward and downward 
deflection. 

Steam was next admitted to the cylinder, and after a few seconds' pause, so as to allow the 
spring to take up its full compression, the pencil was brought to the paper, and a flrst pressure line 
marked by moving the latter over it. The pencil was then 
raised and depressed as before, a fresh line being marked 
each time, ana tlie height of the mean pressure line was 
taken as the arithmetical mean of the heights of all these 
deflection lines. 

The distance between the mean pressure line for any pres- 
sure, and the mean atmospheric line, was taken as the mean 
ordinate for that pressure, corresponding to the particular 
spring and indicator used in the experiments. 

In taking an indicator diagram no time is allowed for the 
spring to take its full compression against the frlctional 
resistance in the cylinder, and against what may perhaps 
be called the molecular inertia in the spring ; it therefore 
appeared necessary to make some experiments with condi- 
tions more exactly representing those under which an indi- 
cator card is taken in practice. To do this the indicator 
cock was opened and clcK^ed quickly several times in succes- 
sion, while the drum cord was pulled by hand, the pencil, 
therefore, tracing on the paper diagrams Fig. 1507, resem- 
bling the admission portion of common cards, and produced 
under identical conditions, at least so far as the motion of 
the indicator pencil was concerned. Before allowing the pencil to leave the paper, it was in 
many instances allowed to trace a flnal pressure line along the whole card, the indicator cock 
standing open. An atmospheric line was drawn on ench card both before and after the diag^m 
was drawn, in the one case with a pencil previously at rest, in the other, of course, with a pencil 
which had lust been in motion, downwards, as the pressure was removed. 

While the admission line of an indicator diagram is being traced, the momentum of the moving 
parts tends to increase the height of the pencil, the friction in the cylinder tends to diminish iC 
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but during: the traoiog of the expansion cntre the latter action is reyersed. The reaistanoe and 
the imperfect elasticity of the spring still tend to hinder motion, but the motion hindered is down- 
ward instead of upward, so that the height of the pencil is at each instant ereater than it would be 
were the action of tho apparatus perfect. Just at the cut-off the pressure begins to fall before the 
pencil does, the latter will only move when the difference between the steam pressure and the 
downward thrust of the sprine has become equal to the resistances due to the causes just mentioned. 
That some action of this kind must take place is obvious enough, but whether or not to an injurious 
extent could only be determined by experiment. For this purpose the pipe a. Fig. 1505, was left 
for some time in* free communication with the boiler, all the indicator cocks being at the same time 
open. The steam pressure in the boiler was gradually lowered, and the indicator pistons allowed 
simply to follow it. The pencil was not left in contact with the i)aper, but at intervals a short 
pressure line was marked. 

The nature of the diagram experiments may perhaps be made clearer by Fig. 1507. The results 
of the other experiments hardly need illustration. Fig. 1507 is a copy of one of the diagrams taken 
witli spring E. In the figure, a is the fixed horiaontal, 6 the first atmospheric line, and ccc the 
diagram. It will be seen that the cock was opened and closed quickly three times in succession, 
and then allowed to remain open while the paper returned, the pencil then tracing the final pressure 
line d. Communication being again opened with the atmosphere the final atmospheric line e was 
drawn. 

In Table XIII. the first column ^ves the reference number of the springs, and the second the 
diagram scales supplied with them, in pounds a sq. in. an inch. The latter are repeated here for 
the sake of convenience. No scale was supplied for Dj. Column S gives the approximate steam 
pressure at which the experiments were made. It is necessary that this be Known in each 
case« because the error of the springs differs at different pressures. Columns 4 to 11 of Table XIII. 

Table XIII. 
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* At a pressare of 69 lb. a aq. in. 



t At a pxeBaure of 69 lb. a iq. In. 



Sive, in a form comparable with the figures of column 2, the diagram scales corresponding to the 
ifferent lines drawn. The numerals I., II., in Roman type, refer to the first and second series of 
experiments respectively. The scales deduced from the first pressure lines are given in columns 
4 and 5, from the arithmetical means of the upward and downward deflections in column II., and 
fh>m the moying pressure lines in columns 7 and 8. These different lines for one experiment with 
one spring were illustrated in Fig. 1507. The scales for the free springs, that is the springs out of 
their indicators, at or near the pressures of column 8, are given in columns 9, 10, and 11, so that 
some estimate may be made of the total effect of piston friction on the springs. 

Comparing columns 4 to 11 among tiiemselYes we find veir large aiserepancies in the cases of 
0| and D„ discrepancies so large as to make the differences in the other cases appear almost trifiing, 
although in some instances they are not inconsiderable. If we compare these columns, however, 
with column 3, we find that in Aj, Gj, D^ and £ there are very notable differences, the scale 
supplied only representing in the roughest way the real compression of the spring. 

Table XI Y. contains a summary of results. The first column gives ^e reference letter for the 
spring, and the second the condition as to the boiler pressure, rising or falling, under which the ex- 
periments were carried on. In the third column are noted the approximate, maximum and minimum 
pressures, and the fourth gives the number of readings taken as tne pressure changed from one to the 
other. The results of the experiments are given in the two last colnmns. Column 5 gives the average 
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error of the readiogs in ponnda a sq. in^ as compaied with the acale (Applied with the iBstrnmentk 
and oolnmn 6 the average difierenoe between the ruting and falling reading for any pressure between 
those given in column 3. With the exception of the rising pressures of spring G], the errors given 
in oolumn 5 are all positive, that is, errors of exoess, but in all cases the excess is much greater for 
falling than for rising pressures. Had the quantities in oolumn 5 been compared, however, with 
the scale of the free sprin^r, the rising and falling errors would in all oases, except D„ have been of 
opposite signs, the r^ing on the scale supplied being always in excess of tne true reading, as 
Table XIII. shows for the springs treated in Table XIV. The importance of the differences shown 
in column 6 lies in this, that the expansion line of an ordinary indicator card, and often the admis- 
sion line also, where there is wire drawing, is traced under circumstances very much resembUnff 
those under which the falling pressure lines were here drawn, the mischief being only aggravated 
by the fact, that in drawing the card the pencilremains thron^out in contact with the paper, while 
here pencil friction was not allowed to act. 
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68 
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68 
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of 
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4. 



6 
5 
6 
5 
6 
5 
6 
5 
6 
5 
4 
3 



Average Error of 

Readings compared 

with Scale supplied 

with Spring. 
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lb. a sq. In. 
+ 2-4\ 
+ 5-9; 

+ 1-1\ 
+ 4-4/ 
- 3-6\ 
+ 7-8/ 
+ 5-3\» 
+ 9-5; 
+ll-6\ 
+24-1/ 
+ l-4\ 
+ 3-8/ 



Average Differ- 

enoe between 

Readings at 

Rising and Fall- 
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6. 



lb. a sq. in. 
3-5 

3-8 
11-4 

4-2 
12-5 

1-9 



* Compared with scale of ttee spring (hot) at mazimnm compression. 

From the differences which are constantly found in the length of indicator cards, taken nnder 
precisely similar conditions, we know that the string has stretched somewhat, under the null due 
to the resistance of the paper drum spring. The stretching of the cord, which is in this way 
apparent, must no doubt take place to a different extent at different parts of the stroke. At the 
beginning of the stroke the cord must be most stretched, the paper drum lagging behind, as it 
were, the point from which reciprocating motion is taken. At the end of its stroke the coid has 
probably recovered its original length, so that during the latter part of the stroke the drum has 
been gaining on the point mentioned. The result is that to get a true diagram from the actual 
card, we should have to shift the earlier ordinates forward, and the later ones backward, one ordi- 
nate only remaining fixed, the one, namely, which corresponds to the point at which the driving 
point and the paper drum had equal velocities. In order to determine quantitatively the value of 
the correction to be made in the indicator card on account of string stretching, Bemdt made a 
number of experiments with a special and very ingenious apparatus devised by Weinhold. In this 
apparatus a reciprocating bar was driven by a crank, and motion given to the indicator cylinder by 
a cord attached to the bar. An electric connection was arranged by which pieces of paper attached 
to the bar and the cylinder, respectively, could be simultaneously pierced by an electric spark a 
certain number of times, at regular intervals during each stroke. In this way it became easily 
possible to make a very accurate comparison between the motions of the drum and the driving 
point. The relation in which tliey stood to each other, was found to be as just described, the 
unchanged ordinate coming, in the average of all the experiments, to 0*78 of the stroke. Bemdt 
estimated the effect of the alteration by drawing ideal diograms for cut-off at 0*5 and 0*3 of the 
stroke, correcting them for each experiment, and then measuring the alteration of area by a plani- 
meter. For both catgut and good hempen cord tried in several ordinary conditions as to dryness, 
he found that the necessary correction amounted only to 0* 5 per cent. The cord was 4' 3 ft. long 
and was carried straight from the bar to the drum, without guiding pulleys. No perceptible 
alteration was found in one set of experiments in which the cord was 7*0 ft long, similarly 
arranged. The use of thin brass wire, 7 ft. long, reduced the error to 0*3 per cent. With 
cord or wire, 7 ft. long, carried over two guide puUevs at intervals, the error came out equal, 
and was 0*9 per cent. With very wet cord it was found that the error was much increased, 
as might be expected; it was 1*8 and 3*6 per cent, respectively in two experiments. The error 
was in defect in every cose, so that the indicator cards were too small by the fraction mentioned. 
It will be seen that on the whole this error may be neglected when good and dry cord is UKcd, and 
the length is not too great ; it seems seldom likely to reach 1 per cent, with the cuts-off examined by 
Bemdt. For earlier cnts-off, however, it must be greater, although in the absence of detail we 
cannot say by how much. The error in the form of the expansion curve caused by the stretching of 
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the string will neoessarily be much more perceptible than the error of area, and may be qnite 
noticeable even when the latter is unimportant 

For making the connection to drive an indicator the beam engine offers excellent faoilitieB, for 
it is only necessary to tie the string upon one or oilier of the radius rods, to obtain an adjustable 
len^h of stroke, which can be readily suited to the length of indicator diagram required. In 
horizontal engines, the usual practice is to fix a temporary wooden radius bar, Fig. 1508, to oscillate 
upon a centre, and its lower end has a fork or slot to work at any oonyenient part of thecrosshead. 




The point of suspension in such cases must be perpendicular to the centre of the stroke, and the 
indicator string should be taken over a pulley, set at right angles to the radius bar in its middle 
position, and at such a level as to be opposite the part where the oscillations measure a convenient 
stroke for the particular indicator employed. In the case of high-speed horizontal engines, the elot 
arrangement, if not well constructed, is liable to produce an unsatisfactory vibration at the ends of 
the stroke, and thus affect the diagram by causing unacoountablu irregularities therein. For use 
with such engines, it is well to have a short connecting link between the motion block and the end 
of the temporary radius bar, instead of a slot, and care must also be taken to have the wooden bar 
itself tolerably stiff, so as not to bend with the rapid motion it enoountors. 

In setting indicators upon cylinders, it must be borne in mind that where a rapid current of 
steam occurs, as in ports and pipes, any orifice at right angles to the direction of tlie current receives 
less than the real pressure, conseauently erroneous diagrams will be taken whenever steam passes 
rapidly across the orifice of the indicator cock, and thus it must never be fixed in the ports or near 
them. Before fixing any indicator, its permanent stop-cock must be opened for several revolutions 
of the engine, to clear away foreign matter that is sure to accumulate therein. When engines are 
indicated for the first time, this precaution is more especially necessary. String for driving the 
indicator should not be used quite new, as it continually stretohes ; and where any great length has 
to be employed, fine brass wire is preferable. In order to regulate the length of cord correctly a slip 
noose is found very useful. This consisto of a piece of leather about 1} in. long by 2 in. wide, ana 
fjf in. thick. Three fine holes are perforated through this leather, and a piece of cord about 2 ft 
long, tied to one end. The other end of the string, after pasdiug through the remaining two holes^ 
has a hook attached, and a ring may be conveniently placed on the opposite loop. This arrange- 
ment forms a sort of slip noose, and is very convenient for lengthening or shortening the indicator 
string. 

Where practicable, it will be found the best plan to employ two indicators for each cylinder with 
the connecting pipes as short as possible, the common plan of using pipes joining the two ends of a 
cylinder with a three-way cock to a single indicator, is open to considerable ejection, and in any 
case tlie steam passage diould be as short and direct as possible, and of ample area, in order that 
the pressures in the engine and indicator cylindera may coincide to the nearest possible limit 

Fig 1509 is of an arrangement for giving motion to the indicator, due to 6. Caw ley. The motion 

is reduced by two screws having different pitehes, or a piteh ratio = — , where L = the stroke of 

the piston, and / = streke of indicator cord in the same unit of measure. It can be demonstrated 
that providing the screws D and C have a non-varying piteh, or one of similar variation, the 
motion of the bobbin A is reduced from the motion of the crosshead guide B with absolute 
correctness. 

The screw reducing arrangement and the cocks H and I are fixtures on the engine, and are, 
therei'ore, always in readiness for teking a diagram. A is a friction-bobbin and finger-wheel firmly 
attached to the sliding rod £. On the bobbin is wound the cord F, giving motion to the indicator, 
and its length can be adjusted by simply turning the finger-wheel. The friction of the bobbin must 
be sufficient, to prevent it being unwound by the pull due to the spring in the indicator and barreL 
B is a movable tongue or nut working into the screw D, and can be put in or out of gear by turning 
the circular bolt-head. When a diagram is about to be taken, the tongue B is allowed to spring 
into gear with the screw D ; and tiie indicator thus receives a reduced piston motion from the 
bobbin A. 

The arrangement, Fig. 1508, is troublesome at high speeds, and that Fig. 1510 may then be 
employed, here a vibmting lath is attached to a short arm set at B ; if, for instance, a cord is to be 
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taken Id the dLreetkm B C, or at for the dlrectiaa D, it will then, how-ver, be neoenai]' to take 
■eTenl meamireiiieDls, and to prepsrea diagram ahawing the direction of the oord, in order to get the 
correct podtion of the pin, snd fnr two diOerent potitlomi of the indtcBtoi to have two oords and two 
pina. If, howoTer, ft >eg[neilt of a circle Is bolted on to the lath with a broiul groove turned on the 
edge, and the cord eeonred at the end, it can be led HWBy in mvj diraotion, and will always leave 
the circle at the right point. 




Fig. 1511 liliutratu a mode of redncmg the stroke of the engine oorrectly and c<niTeDientIr 
by the one of the pantiiKraph. In Fie. 1511, if in the atraight linn P" F, P' ropn^ucnta a 
point in the piston-rod heud or guidtvblock, p" a paiut in which motion of the paperdrum ig token 
PP' the stroke of the engine, p]f tha gtroke of the indicator, and F a filed point or centr^ 

ppr p"p r "I 

rP ~ ?' F ■ '■''*''* *"' """"enielit angle ai P" a V, and from the point p" draw p" b and p" e 
pamilel to F a and P" a. Then P"o, aP. p" ft, and p"o will repnaent the link* of a pantagnph, 
jointed together at b, a, c, p", and if the point P" is mored in the straight line P P' the point p" 



will more in the straight line pp' parallel to PP'and - 



yp 



Bo k>ng a* a straight Ime panes throngh the points P", p", and F, tiie position of the link p"c, 
or that of p"i, may be TOried at pleasure; for 
example, the link p"b might be continned 
through b, and the link F a continaed through 
a, and the linkp"c made to fall on the other 
side of ft a, butp"c must always he parallel to 
4a, andp"ft to ca. 

•"■ ■ ■ ^ — ■^-■■^-i nse of (Us 

f the pision 
ir of any kind ; 
_ . . . . rtod to any poei- 

tion. in the same plane with the liaks, near F, 
without prudacing any other etTtct than 
moTing the point p" in a corresponding direc- 
tion, which position may be easily delermiaed 
from the ratio -;r^totF",p"Ffnl\tHajal\» 
in the same stmiglit line, and the motion of 
P", when tlie point F is fiipd, will be always 
eittClly copieii in the given ratio by the ' 

point p". 

Thompson's indicator, made by the Buckeye EnKJoe Ca, Salem, VS., has been specially 
designed to reduce as far as pneaible the weight of the moring parts, nnd thus seonre steady dhtgrams 
at high speed. In Fig. 1512 of this initrunient the cylinder ami its surroundings are in seotioo, 
" IB the paper drnm and the parts which carry it, bnt the two systems are cut on n different 




plane, that of the paper barrel being beyond the other, thoogh 
stem of the working piston is short and has a hollow trunk screwet 



thei 



plan 



rallel. The 



.,„„. ^"piston is short and has a hollowtn]nkscrewBdonit,inaideof whioli thecc 

I rod Korks. This rod hat on Its bwer end a head or collar, Uie nppei lur&oe of wbieh 



forma part of a BphpTe. while the lower ia eonoove aod ooncentrio witli the upper. An inlerntJ 

collar in the trunk flte the apberioal surface of the head on the ooanecting rod, whilo a atad which 

ia Bcrewod into the etem of the piaton, haa a hemiaphericiil 

end which fita the concave aurraeo of the head. This atud ">i- 

can bu adjusted out or In. to take up lost motion at asy time, 

or mHke the joint free as ma; be required. 

Tilts joint, being unireraal, allowa the lateral Tibration 
TG<fuircd for the parallel movement, aa well as acting aa a 
ewircl, to allow the head piece which carries the lever and 
peralU'l device to awing round, and con; the matkiog point 
to or from the paper. The levai E which carriea the pencil 
■ it pivoted to a awinging bracket, while the link or radius 
bar, being pivoted to tho fixed alandard, oontrola the move- 
ment of E, BO that the pencil movea in a straight line, 
that result being eecured by the arrangement of the aavrjal 
pivots and a proper length for the ladiua bar. The pivots Eue 
all made with taper steel pins and must work free. The 
spring. Fig. 1518, wheu in place, works between the piatoo 
and cap and is fitted to screw on. The eoDoeating rod ia 
screwed into the head and looker b; a keeper nut, which 
allows the oonneclion to be aliortened or lengthened, to 
accommodate slight variations in the length of the apriaga, 
or to throw the pencil higher or lower on the paper accord- 
ing to (he pressure or vacuum eiiating. The spring of the 
paper drnm. which ia not ahonn, ia contained in the drum, 
and its ends are hooked on to atnds, one of which is on 
the inner periphc^ of the drum, and the other ou the boss 
of a milled edge flange, lo (hat by turning the flange the 
tension of the spring cau be properly adjusted, a thumb nut 

then holding it io podtion. Tbe tbTcad in thia nut it ,j|3_ 

made right or loft awording lo tho hand of the instmment. 



lEis. 1K1. 

it being made ao that tbe force of the spring will tighten it The other ports are almoat identical 
with those of tho Kichards indicator illustrated at p. 2017 of thia Dictionary. 

In the indicator devised by John B. Sweet. Figs. 1514 to I5I7 the parallel motion is diapenaed 
with, and a nniform travel obtuioed with both piston and pencil point. 

Figs. 1518 and 1519 show the reducing device adopted by John E. Sweet for giving motion to the 
paper. A. Fig. IS18, is a bent rock-shan mounted io beannga over the crossh^d of the ennne, in 
the supports B B. C, a pendulum rod swnng back and forth h; the motioo of the crosahec^ ; this 
carriea a aliding block D, which can be raisea to the top of the rod or allowed to fall to any desired 
pdnt by the atqatting w^lar E. A string F, posaiDg Iniongb the centre of tho rock-abaft and OTet 
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the pulley, enables the operator to raise or lower this block, regardless of the speed of the engine. 
The trunnions on the blodc are at rest when the block is raised, so their axis corresponds with the 
axis of the rock-shaft, and ha?e a motion proportional to the motion of the crosshead when let 
down. A weight is suspended somewhat heavier than the block and its connections to the cord, 
so that by raising the weight motion is imparted to the indicator, whilst dropping the weight stops 
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it. This arrangement would need modifying to suit circumstances, but the principle of sliding the 
block to and from the axis of motion is applicable in all cases. In the place of a string for connect- 
ing the reducing device with the indicator, a connecting rod, one end of which is shown at a, Fig. 
1519, may be used. 

Figs. 1514 to 1517 show Sweet's indicator in cross-section and elevation. 

The principal feature is in the method of holding and moving the paper. Instead of wrapping 
it round the outside of a cylinder, it is bent and held on the inner surface of a segment ; ana 
instead of being moved around and back in a circle, it is moved forward and back in a s&aight line. 
8o the power from the engine is earned directly to the paper-holder, without strings or springs, and 
is a positive motion which can be run at anv speed. By this method of fixing the paper it can be 
placed in one-fourth the time, and any kind of paper or card can l>e used. To place the card it is 
only necessary to set the lower edge in the bottom channel, press it back, and hook the hook G over 
the upper ed^ 

The pencil arm is a tube of about ^ in. external diameter, through the centre of which passes 
the marking point, of copper wire, about y^ in. in size. The pressure is put on the marking point 
by the spring H, which is forced against it by the cam I. In this way the pressure is put on, and 
the force is the force of the spring, entirely beyond the control of the operator. 

The pencil has a range of 60^, but, instead of moving 30° above and 30° below, the arm plays 
from 7^° below to 52^° above the horizontal, and the link placed in that inclined position that 
gives to the pencil so nearly a perfectly uniform velocity ratio that when multiplied twelve-fold the 
variation is scarcely discernible. It will be seen that it not onlv dispenses with the parallel motion, 
but does away with considerable weight in the pencil and pencil-holder at the end of the arm, where 
it does the most harm. 

It is stated that with this indicator as good cards have been obtained at 330 revolutions as from 
Bichards at 220 or from the Thompson at 270, under the same conditions. 

Fig. 1520 is of Darke's detent, fitted to Richards' indicators by Elliott Bros., of London. This 
contrivance is arranged to control the motion of the paper drum of the indicator without the incon- 
veniengp of booking and unhooking the cord. 

The Fig. 1520 represents an indicator in plan, with detent attached. D is a small segment of 
brass pinned on the lower end of the ferrule which carries the pencil arms, and which therefore 
moves with any motion of them. The end D engages the nose of the pawl A, which again engages 
a segment of a ratchet wheel B. A small spring F presses upon a pin in the pawl at G, and 
ten(u to keep it in gear with the ratchet segment 

The indicator is shown with the paper drum at the end of its stroke, and the spring of the drum 
consequently in tension, the cord being supposed to be in connection with the moving engine. With 
every stroke of the engine the cord is therefore tightened and slackened, the slack being taken up 
with a little elastic placed in the cord, between the engine and the eye of the cord of tiie paper 
drum. 



When B digram is nboDt to be token, the pemul ura ii moTed to the position Hhown. anil the 
end of the hnet Begment C D gently pressBB tlio dou or the pawl A at D ; as the oord tightens by 
the motion of the engine, the preasnre given by the spring of the paper dium upon Hie tooth of the 
ratchet B is removed, the penuil ailvaDoe* imciiediately toward* H, the pawl takee the position aa 




shown dotted, and the pftper dram commences its movements with perfect amonthness. To stop, it 
is only necessary to move the pencil arm jiy a backward motion, when the pawl again engagtv the 
ratchet and prevents the retnm stroke. It will be seen that so long an the nose of the pawl ridea 
npun the brass segment C D. the indicator retains, and can be osed in, its old form. 

Tbe coDtrivance is one wliich will be found ver; nse^l, especially when taking cards from fast- 
rnnning engines, or under circumslaDce which render the card difficult of aocesa for hooking and 
nnhooking in the ordinary way. 

BtiinBk,of Prague, has proposed a new arrangement, Figs. 1521 and 1522, of aguiding palley for 
the cord which moves the paper drum of an indicator. It will be seen Ihat the pulley p can 
be tamed round an axis X X, whereas the cord, passing thmngh the hollow pivot a, remains ID 
its proper position. By means of the screw d the pulley can be flied in any position reqnjied. 

In comparing tliis arrangement with that nsuallv emploved, it will be found that the oord can 
be moved more freely in any direction, without interfering with the correct sj'tion of t)ie apparatua. 
Moreover, the amngement, if once properly iidjnsted, is not liable to allow the cord to double od 
the paper dram pulley, that is to say, lo go ronnd more than once, a case which t« by no meana 
uncommon with the ordinary pulleys. 

OuntionouB indicators give a permanent reotml of power employed, and one of the oontriTaaces 
of this deecriptinn is Ashton and Storey's sti^am-power meter, oi which the essential details are 
represented by Fig. 1923. 

This instrument measures tlie power given out at eveir stroke, like any other indicator ; and it 
multiplies the varying prussures by the speed, and records the amount by means of figured dials 
attaclied to the appnratus. Thus, if the amount of power indicated yesterdsy be deducted from that 
shown to-day, the eiact power expended in the interval is known with |>erleet actunicy. 

The indicator piston A has a connection with the upper and lower side of tbe cylinder by pipea 
attached lo cocks a and b, so that the exact difference of pressure on tbe two sides of the engine 
pisttn, are transferred to the indicator piston to draw it up or dawn, and oomprcss or extend the 
spring E, which is calibrated to each line&r inch for any desired scale of pounds a square iooh. A 
long pinion I), with its integrating wheel D, is carried by the indicator pislon rod : it is free lo turn 
ronnd, but hf Id endways by collars. A circular disc F, moanted upon a siiort horitontal abaft, is 
held by alight spring agsinst D,and thisdiso boa an oeoiliatioo given to it for a suitable connection 
with the engine. 

The integrating wheel D is set to stand at the middle of Ibe diso F when all is at rest, and there 
is no pressure on either side of the piston, so that in tlie position sliown no motion of F baa any 
elfi-ct on D. But as steam pressure lorces D upwards or downwards, the movement of F is trans- 
fecred 'ta D, and the extent of motion sn given to the index during any stroke of the engine, 
is proportionate to the prtsaiire r>f the steam on the indicator pislon during that stroke, because tlie 
Tate at which the integrating wheel D is driven by the disc F, is directly proportionate to tbe dis- 
tance by which it is raised or lowered from llie centre of the disc, and this distance is the same *a 
the amount of compression or extension of the indicator spring. a. 

When the stroke is flnislied, and a return stroke commences, the disc will rotate In the opposite 
direction; and as the steam acts on tlie cpposile aide of the piston, when the motion of the engine's 
pislon is reversed, tlio integrating wheel will be moved to the opposite side of the centre of the disc, 
sod bolh it and the index will continue lo be moved in the same direction as before ; the quantity 
of motion througli tbe return stroke of Ibe engine will again be proportionate to the pressure of the 
■team on the piston, and wiU be added lo the movement of the index during the pieoeding stioke. 
By tills means, therefore, tlie registering index is moved during each stroke of the engine, through 
a spooe proportionate to the sum of the moments of pressure exerted during that stroke, and oanse- 
quently the total amonnt of power developed during any given time is thus indicated. 

In these instroments, aa generally made, tbe propottioaB of the moving parts and gearing tot 
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redooing the motion down to the registering index are so arranged that each onit on the dial repre- 
sents 1000 foot-ponnds a circular inch of the engine piston ; but for conyenienoe of reference, 
where the indicator is intended to be employed constantly upon any particular engine, a separate 
index may be provided on the dial, for showing at once the load on the engine in horse-power, by 
simply obserying the movement recorded by this special index during one minute. 

In Kenyon's pistonlees indicator a tube similar to that of a Bourdon gauge is utilized to 
transmit the pressure, but there are 
many objections to this form, and it is 
doubtful whether the tube can stand 
excessive pressure without damage. 

A slide valve indicator is employed 
to show the whole of the motion and 
action of a slide valve, and at the same 
time duly allow for the variations due 
to any length of connecting rods, thus 
furnishing a readv means of quickly 
oompuring one valve with another, or 
obtaining the whole of the particulars 
which snow the distribution of the 
steam in any existing engine. 

Fig. 1524 is a plan of Wm. Cooper's 
slide valve indicator, as made by Elliott 
Bros., and Fig. 1525 is a side elevation. 
A A is the frame carrying the moving 
parts. B is a long slot in which slides 
the slide blook O corresponding to the 
piston of an ordinary engine. D is a 
small slot parallel with the long slot B 
and graduated on one side, giving 
various lengths of connecting rod rela- 
tive to the length of the stroke. £ is 
an adjustable gniduated scale, on which 
may be read off the various positions of 
tJ^e slide block G, either on the up or 
down stroke. F is a swivel coupling 
for fixing any length of connecting rod 
in relation to the stroke of the engine. 
G is the connecting rod. H is a crank- 
pin for giving motion to the connecting 
rod, it is fixed to the bevel wheel J. 
K is a centre stud carrying the bevel 
wheel J ; and L is a pinion gearing into 
and driving the bevel wheel and crank. 
H is the piuion shaft worked By the 
milled wneel K which operates the 
whole instrument. O O is a centre 
slot in which are placed two rods P P, 
and worked by the knobs QQ. RB 
are traverse sliding plates, to indicate 
the lap and lead of the valve, they are 
alao worked by Q Q, which are con- 
nected with the sliding blocks 88. 
T is a sliding pointer, adjustable in 
length by the small screw Y, and fixc^d 
to turn with the crank ; it may be set 
at any angle to the crank by the milled 
nut A. U U are two arms graduated 
in inches for adjusting the length of the 
pointer T, which is usually set to de- 
scribe a circle whose diameter equals 
the travel of the valve. 

To use the instrument the crank is turned on to the centre, and the scale E adjusted to the 
reauired length of connecting rod by bringing the top of the scale opposite the proper length of 
roo, the set screw at F is then eased, and Uie piston aajusted to the zero on the scale E. The zero 
on this scale is either at the top or bottom, as tiie crank is either on the top or bottom centre, and^ 
£ is doiibly marked, reading both up or down as the case may reauire. The two plates R R are 
moved from the central, a distance equal to the lap of the valve. If we suppose the crank to be on 
the bottom centre then the pointer T is moved across U U, set to half the travel of the valve, and 
fixed by the central sorew~V ; the bent point is turned up towards the piston until it crosses the first 
edge of the lead plate R, such a distance as will equal uie lead required, and fixed there by the 
mi&ed nut X. The point of the needle, a, now actually becomes tne centre of an eccentric, and 
its position with regard to the crank is the same. 

The instrument is then ready for use. By turning the wheel N, the needle moves from 
its position towards the top of the circle which it describes. When it reaches b the valve is full 
open and the distance from R to end of the needle is the opening the port then has. When 
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the needlo reachn the odge* of tlie plate B lit c, the valro ia olowxl, And when, bf contiTining the 
motiun, the □i.'edlo roaches the oentra line U U at if, the eitiaiut, if the rolve hiia neither Inaide 
lead nor lap, hegins on one side, aod compreBsion nn the other. Again, »lien the ne«diu reacliea « 
oomprMsion octiaee and load begins, before the oraok ia on the centre. Finiahing the Mroke 
by turning the wheel a little rnrther. and inserting the pin on the right to eninre the orank"! 
IHoper position ,- theneedle will then be at/, and the distanoe from/to the edge « nill be the It^ 
the TaWe bat at ttie nther end. Continuing tlie motion for the other stroke, and at each of the 
poiata above named, the poaition of the piaton with regard to the srale E ii to be read ofC 



The inatruniGnl uQiirJi tlio mean* of aaoertnining how far the piaton Lna travelled when Uie 
■lefun port ia full open, and lioir much thia opening varica bj naing the reversing link as a mrans 
of i-ipuiuioQ : u akn the part of the stmke where tht^ atuim ft cnt off by the valve closing, and . 
eipnnsion begins, an vrll aa Iha poml at which expaoidon ceasi-S by the openiog of the atom port 
to the eihanbt. It will in addition indicate the portion of the sticki: performed nndfr the expansion 
of ttiettcam; the point at which the eihanst cease* and expansion begins: the portion of the 
itK^ perfoimed during the coropreasian of the steam ; the point where the steam port ia opened 
b* lead and before the platoD has flniabed ila stroke; the portion of the stroke peKonned against 
^e steam which Is admitted by lead ; and alao how theae details difier between the np and 
down atroke, owing to the angles formed by the conneoting rod. 

moN. 

In the ameltingof iron the advisability of roosting iron ore before reduction in the blast famare 
has long been a debated sabjict. Some ores no donbt benefit uiatcriHlly by this preparation, 
and it is a oommon pruticew ith many ironmastera to employ this preliminary treatment of the 
mineral. F. Akermann, tbe oelebratL-d Swedish melallnriiiat, has thoroughly ioveatigated the 
matter, and from his naearclies we abstract the particnlan which follow. 

The action of roasting iron ore is in many cases simply mechanical, hard ores become brittle and 
can then be better worked. Orea containing carbonate of lime ahoold not be roosted long before 
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reduotion, as the caustic lime inoduced in the roasting slakes on exposure to the air, absorbing 
moisture and carbonic acid, and producing a considerable amount of dust 

The heat required for roasting ores containing carbonic acid and water is considerable. Tho 
heat irhich becomes latent on the evaporation of water is 536, and according to Begnanlt each unit 
of water which is raised from tU>f degrees and evaporated at the latter temperature requires 
606*5 + 0'805 <" — i units of heat. To the considerable amount of heat which is bound in roasting 
ores oontaioing hygroscopic water we must add that which is required to expel the water of 
hydnition from its chemical combloation with the oxide of iron ; we possess at present no data to 
oaloalate the amount of this loss. 

For the decomposition of each unit of carbonate of lime Favre and Silbermann calculate 
373 '5 units of heat, that is 373*5 x 100 : 44 = 849 calories for each nnit of carbonic acid expelled 
from the carbonate of lime, or 373*5 x 100 : 56 = 667 calories to each unit of weight of causticized 
lima The absorption of heat due to the decomposition of the carbonate of iron is not known, but 
as the protoxide of iron is a much weaker base than lime^ it nuiy be assumed that it is leas than tliat 
given above for lime. 

The decomposition of carbonate of lime begins at about 600^ G. ; but It is not till nearly 900° . 
that it takes place at all rapidly, and even at this temperature a lump of limestone requires a long 
time to become caustic in its interior. For driving out carbonic acid from finely divided carbonate of 
iron, only 300^-400° G. are necessary, and the water contained in pulverized bog iron ore is 
expelled at 200^'-300^ G. The temperature necessary for driving out tne water and carbonic acid 
from the hydrates and carbonates of iron is therefore not very high ; but much heat is abeorbed 
during the operation, and still more in causticizing the lime. 

Some iron ores do not require roasting. This is the case with those which contain no sulphur 
and which are, in their natural state, suffloiently loose in texture to allow the reducing gases of the 
blast furnace to penetrate. Some of the softer varieties of haamatite may at once be tipped into the 
blast furnace in their natural state ; but if the hematite be very compact, a moderate red heat will 
be found to break it up into smaller pieoes, thus giving better access to the gases. Some of these 
ores, however, are liuble to fall into dust if roasted at a low temperature ; in such a case a higher 
temperature must be used. In some cases, when the ores contain constituents which are expellcMi 
l^ heat, it is not necessaxj to roast them specially, the volatile substances being expelled m the 
upper part of the blast furnace itself, with high furnaces the amount of heat bound in this 
operation does not interfere with the reduction of the metal. Many hydrated ores are very difficult 
to roast, on account of their fine state of subdivision, and if they are heated during the operation 
to a temperature sufficient to clinker them, they become more difficult of reduction in the blast 
furnace. There is also a considerable loss of ore. which is carried off in the state of a fine dust 
by the gaseous products of combuBtion. In some cases carbonated ores are smelted direct without 
previous roasting ; but experience has taught that it is more advantageous to roast Utem slightly 
first. This is no doubt pitftly due to the temperature required to drive out the carbonic acid being 
higher than that necessary for the evaporation of the water in hydrated ores. The reducing zone in 
the blast furnace is driven lower down in consequence, with the attendant disadvantages. It must 
also be taken into account that the carbonated ores contain nearlv double as much carbonic acid 
as the hydrated ores contain water. The protoxide of iron contained in the carbonated ores becomes 
converted into the higher state of oxidation during the roasting process, causing the ores to become 
porous. Accordincc to Wedding, the carbonate of iron, heated without special excess of air, forms 
4FeO, Fe,0,. Gruoer, however, states that carbonate of iron heated to 300^-400^ G. in an 
atmosphere of carbonic acid gas is converted into a state of oxidation more nearlv approaching that 
of raagnetito. If there be plentiful access of air the final product mav be Fe,0,. The higher 
the stage of oxidation, the more easily it is reduced, it is therefore clear that the roasting of 
carbonated iron ore should take place in an oxidizing heat. 

It is chiefly in the case of ores containing a considerable proportion of carbon that the roasting 
must take place in a reducing atmosphere, in order tliat the whole of the carbon may not be 
consumed, but that some of it may be subeeonently utilized in the blast furnace. In such cases no 
further fuel need be added to that contained in the ore. Such methods are, however, exceptional, 
and are chiefiv used for black band ores. 

Boasting has frequently for its object the conversion of the magnetic oxide of iron into the 
peroxide, from which latter combination the iron is more easily reduced to the metallic state. But, 
although such a conversion may be complete, yet a very long time is necessary to effect it in cases 
where the structure of the mineral is very dense. The best temperature in such cases is a yellow 
heat, for, according to Tholander, peroxide of iron commences to give off oxygen at a higher 
temperature under the conditions prevalent in roasting kilns of the ordinary construction. 

A very high temperature is only of use when the ore contains a considerable percentage of lime. 
Tholander's experiments show that calcareous magnetic iron ore, when heated to a temperature 
slightly above the melting point of silver, forms a compound of lime and peroxide of iron, which 
begins to melt, but without decomposition. This compound is more easily reduced than the ore in 
its natural state, but not so easily as free oxide of iron. 

It is therefore evident that, in roasting ores containing peroxide of iron, too high a temperature 
must be avoided^ Tholander's researehes indicate that even when oxidizing gases have free access 
to oxide of iron at a high temperature reduction takes place, the proportion of oxygen sometimes 
sinking below that contained in magnetite. An oxidizing roasting of magnetic iron ore is especially 
serviceable when the degree of oxidation of the ore is lower than that of pure magnetite. It is 
invariably found that the percentage of oxygen increases during the roasting of magnetic* ores, 
while the reverse is sometimes the case with hematite. 

GalcareouB or manganiferous ores may also be advantageously subjected to an oxidizing roasting. 
The protoxide of iron must absorb oxygen before it can combine with the lime, and any protoxide 
of manganese which may be present also becomes converted in a more highly oxidised compound. 
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With regard to the oxides of manganese, the same observation may be made as for the oxides of 
iron : at a low heat oxygen te absorbed, while at a higher temperature it is again given off. 

Silicates of protoxide of iron can be decomposed by means of oxidizing roasting. The result is 
a mechanical mixture of free silica with a oombioation of protoxide and peroxide of iron. This 
reaction is of great importance, as the silicate of the protoxide of iron is extremely difficult to reduce 
direct, because ^e affinity of the silica to the protoxide of iron must be overcome in addition to the 
afBnity of the oxygen to the metal. Such silicates are, in addition, easily fusible, and are liable to 
interfere with the action of the blast furnace by melting prematurely. Tholander found that when slag 
from a puddling furnace was heated to a red heat with access of air it absorbed oxygen and became 
more and more magnetic up to a certain point If the roasting were then continued, there was a 
diminution in the magnetic properties, ana white scales of silica were formed. This takes place at 
a dull red heat ; but the change is more rapid at a higher temperature, provided th^re is no fusion. 
It is very difficult to oxidize the whole of the protoxide of iron contained in such a slag ; in an 
experiment which lasted 23 hours under highly favourable conditions the oxidation was not complete. 

Ores which contain a large proportion of silicate of protoxide of iron are usually of a greyish or 
dark green colour before rcxuiting. After that operation they assume a yellowish or redcUsh brown 
tint. Some silicates of the protoxide of manganese, in whiim the base predominates, can be easily 
decomposed by roasting ; others which contain more silica are but slightly changed. 

Sulphur occurs in ores chiefly in three forms, namely, the different kinds of pyrites, zino blende,, 
and galena. A very small proportion is sometimes present in the form of sulphates, which may 
generally be removed bv lixiviation. If the heat to which the ores are subiected be not oxidizing* 
one equivalent of sulphur will always remain for each equivalent of metal, the exoess only being 
driven off. Iron pyrites, the most usual sulphide in iron ores, has the composition FeS^ At a 
comparatively low temperature a portion of the sulphur is given off in a gaseous state, and by 
nisiug the temperature half of the sulphur may be removed by distillation. But the compound of 
one equivalent of iron and one of sulphur which remains can, in the absence of an oxidizing 
substance, be subjected to anv heat without losing sulphur. If, however, air be freely admitted, 
part of the sulphur is oxidized to sulphurous acid, and the final products obtained are sulphurous 
and sulphuric acids and oxide of iron, or magnetic oxide of iron if the temperature was very high. 

In roasting maenetio pyrites the products obtained are the same, with the exception that no 
sulphur is volatilized in the first instance. When arsenical pyrites FeS, + FeAs, is heated, 
sulphide of arsenic is distilled over at a dull red heat ; then sulphurous and arsenious acids are 
evolved. The latter acid cannot, however, be completely expelled by heat, so that ores containing 
arsenic will slways be found to retain a certain proportion of that impurity, even after the mo^ 
careful roasting. Zinc blende is very difficult to oxidize thoroughly. In the first stage of the 
roasting process, oxide of zinc and sulphate of zinc are formed, the latter salt requiring a white heat 
to decompose it when in a pure state. Distributed in small particles througli iron ores it may, 
however, oe dissociated more eesily. Galena is converted into oxide of lead and sulphate of lead 
by an oxidizing beat ; in this case also the sulphate requires a high temperature to decompose it. 

In general, sulphides are first converted during the roasting process into a mixture of oxides and 
solpbatea, the latter can then generally be decomposed by the application of a more elevated 
temperature. Tholander has made some important experiments on the heat required to produce 
dissociation between the sulphuric acid and the base with which it forms the salt. Two platinum 
vessels were filled with the sulphate of protoxide of iron and subjected to temperatures of 650° C. 
and 750° G. respectively. In 1) hours the contents of the first vessel contained 0*07 per cent 
sulphur, which was reduced to 0*004 per cent, on being heated at the same temperature for two 
hours longer. At 750° G., oorresponding with a full red heat, no traces of sulphur could be found 
after the lapse of 1^ hours. The sulphates of copper, zinc, and lime were heated in a muffie 
furnace for about 6 hours, when it was found that the residue of the first contained scarcely a 
trace of bulphur, while the zinc retained 0*1 per cent, of that substance. The sulphate of lime 
appeared almost unchanged. Sulphate of lime was then heated to a temperature slightly exceeding 
the melting point of silver (1000^ OX and even then was not decomposed. The sulphuric acid 
oould only be driven off hj heating this sulphate to a bright yellow heat over a gas blow-pipe. 
Sulphate of lead was partially dissociated at 750° G. ; but even at this temperature little sulphuric 
add was given off. 

It appears from these experiments that sulphate of lime cannot be decomposed in the roasting 
furnace, as the temperature necessary to drive off the sulphuric acid is so high that most iron ores 
would melt if exposed to it. For the same reason it is difficult to drive the whole of the sulphur 
out of calcareous ores which contain pyrites. The sulphuric acid produced in the lower part of the 
furnace from the pyrites combines with the lime in the upper part. These ores are, however, much 
more easily dealt with than those which already contain gypsum in their natural state, as the 
sulphate is formed on the exterior of the pieces only. 

When iron ores which contain sulphur are roasted in lumps they must be subjected to a much 
higher temperature than when in a more finely divided state. Although the above experiments 
show that no very high temperature is needed to free iron from sulphur, yet this only holds good 
when the ores are in a state of fine subdivision. Large pieces prevent the access of air into the 
interior, especially if the ores be of a compact structure. In the interior of a lump of ore the 
oxidation of the sulphur frequently takes plaoe at the expense of the oxygen contained in the oxido 
of iron itself, and to liberate this a high temperature is necessary. 

The sulphur can be expelled much mr>re easily from ores consisting chiefly of peroxide of iron 
than from magnetite, because the latter requires a higher temperature to liberate oxygen. As a 
general rule, it may be said that the looser the structure of the ore, the more easily is the sulphur, 
present in the form of pyrites, oxidized. 

In the interior of pieces of very dense ore particles of pvrites are frequently found which are but 
imperfectly fned from sulphur. The presence of sulphur may be detected in such cases by 
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moiBtening the ore with sulphuric acid, when, if sulphur he present, sulphuretted hydrogen will he 
evoWed. The application or great heat has the advantage of fusing the sulphides in the interior of 
each lump ; they can then reach the surfooe of the ore, and are more easily oxidized. 

The presence of carbon can be of advantage in expelling the sulphur from pyrites. The 
milphuric acid formed by the oxidation of the pyrites is convert^ into snlphurous acid by carbon at 
a comparatively low temperature. Oare must be taken not to raise the temperature too much, or 
sulphide of iron might again be formed. In roasting calcareous ores it is of importance that the 
sulphur should be expelled in tlie form of sulphurous and not sulphuric acid. 

Although heated sulphide of iron decomposes steam, yet it appears doubtful whether any 
advantage is derived from the presence of the latter during roasting. The end produotB obtained 
by its action upon pyrites in the presence of air are oxide or magnetic oxide of iron and sulphurous 
acid. The same products are obtained when aqueous vapour is entirely absent. 

In some exceptional cases it is found advantageous to lixiviate the ore or to expose it to the 
weather after a comparatively light roasting. At Kladno, near Prague, one of the largest iron- 
works in Bohemia, ores containing 1*7 per cent, sulphur are first roasted at a low temperature, 
which brings the sulphur down to 0*5 per cent., and are then placed in basins, the water of which 
is renewed every second day. In six or eight weeks the proportion of sulphur sinks to O'l 
per cent. 

As roasting is only a preparatory operation previous to reduction in the blast furnace, it might 
be supposed that the more nxygen is oriven out of the ore at first, the easier will be its subsequent 
reduction. Generally, however, the very opposite is found to be the case ; the more oxygen is 
absorbed during roasting, the more readily will the ore be reduced. The explanation of this fact 
must be looked for in the different zones of heat which are found in a blast furnace. It is highly 
probable that when ores consisting of peroxide of iron descend in the blast furnace they are soon 
reduced to magnetic oxide, which is more porous and accessible to the action of the reducing gases 
than if the ore had originally been fed into the furnace in the lower stage of oxidation. V^ben ores 
in their natural state are oxidized to their highest degree, little is to be gained by roasting them in 
a reducing atmosphere. 

Hnmatite when free fh>m sulphur is but slightly improved by roasting unless its texture be so 
dense that the mechanical action of heat is necessary to render it porous. With magnetite the case 
is very difierent. The proportion of oxygen contained in it can bo increased either by oxidizing 
roasting at a low temperature, or by heating it until it clinkers, allowing access to the air. The 
silicates of the protoxide of iron, which are usuallv associated with magnetite, are oxidized 
during roasting, and can subsequently be reduced without diflSculty. In general it will be found 
more advantageous to roast such ores at a moderate temperature than to heat them until clinkering 
b^ns. 

When iron ore is reduced at a low temperature, 350^-450^ C, by carbonic oxide, carbon is 
usually deposited while carbonic acid is given ofi', according to the reaction : 2G0 = G + CO, . 
This takes place in the upper part of the blast furnace, and has an important bearing upon 
the consumption of fuel. The more carbon is separated in this manner from the escaping gases, 
the less fuel will be required to effect the reduction of the ore. On this point also Tholander 
has made a series of experimentn. He found that the more oxygen is absorbed by a magnetic ore 
during roasting, the more citrbon is separated by that ore when heiited with carbonic oxide. 
Hematite which had been slightly reduced during roasting, showed less power of absorbing 
carbon. 

The appearance of the roasted ore is generally sufficient indication whether the operation 
has been well conducted or not. The roasted ore is less sonorous when struck with a hammer 
than the fresh, and is also much more brittle. Its diminished density depends partly on the 
expulsion of water and carbonic acid, as in the case of hydrated and carbonated ores, sometimes, 
however, it is due to numerous small cracks, frequently invisible to the naked eye. AH ores 
containing greenish silicates of iron should be rOastcd until the colour changes to reddish brown 
or reddish yellow. Well roasted ore should have the same appearance on the outside and inside 
of each piece, when broken open. If the lumps contain kernels similar in appearance to the fresh 
ore it is an indication that the operation has been too hastily performed. It cannot, however, 
always be expected that the degree of oxidation should be as complete in the interior of lumps 
of magnetite as on the exterior. Ores which do not require a high roasting temperature to drive 
out sulphur should have a red colour externally, gradually berasming less defined towards the 
centre of each piece. It is only in cases where the ore is extremely dense in its natural state that 
it becomes impossible to produce this red colour during roasting. 

Those ores which require a clinkering heat during roasting should possess the bluish grey 
colour, characteristic not only of the magnetic oxide of iron, but also of the fused peroxide. 
In the case of very poor ores the colour may be modified by the gangue ; but even here the eye can 
easily distinguish whether the purer particles of ore have been sufficiently roasted or not Should 
it be observed that the ore has entered into combination with the siliceous gangue, it is an 
indication that there has been a reducing atmosphere in the roasting kiln, and that tlie temperature 
has been raised too rapidly to the clinkering point. Where the ore has been oliukered it is a good 
sig^ if the fractured surface of the pieces has a shining appearance, as the clinkered peroxide 
of nron possesses more brilliancy than the magnetic oxide. A rough exterior of each piece is to be 
preferred to a smooth enamel, the latter being produced when the ore is heated too rapidly. 

The most ancient mode of roasting iron ore was to mix it with the fuel, the combustion of 
which produced the heat rec^uired. Tliis method is necessarily very imperfect, and cannot be 
compared with roasting in kilns furnished with separate heating apparatus or gas generators. 
Boasting in contact with fuel is specially injurious when the ore has to be subjected to a very high 
temperature. This can only be attained by adding more fuel, so that the danger of reducing the 
ore is increased. It frequently happens that iron is reduced to the metallic state under such 
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circinnetanrcB. Another defect oT thia aptf m ia the difflcnity of obtaining imifonnitT ; mnoh more 
care and skill are reqninilo to avoid toss ]□ tbis rcspecL la tbo &nt inatance the proportion of fuel 
must be rigbtly delenoincd and dlHtribnlcd ; thou an cxoeBBire draogbt miut bo damped bj meaiu 
of fine ore and coal Block, and when Ibe druueht becomes too bIow it must lie accelerated. Where 
ore baa to be carefnlly maatcd it must not be mixed with the fuel ; but in catee where it ia only 
intended to drive off carbonic scid and walor anch a metliod may hv auilable. 

In places where fuel is abundant, ore is still tr«ated by thia imperfect method of roeating in 
heaps. A level piece of ground is chosen and a foniidation made upon it with faggots of wood. 
Upou this the ore and coal are placed, the heap thus formed being oovereil over with coal slack. 
Tas wood is then fired and fresh ore and co>il are added aa the fire prDeresses. 

Boasting in pits or enclneures is somewhat similar to the method just described. The chief 
difference ia that the heap of ore and fuel is aiirronrided by walla, vjiich facilitate the regnlntion of 
the draught end economize fuel. At the same time the ore ia roasted more unironnly than in 
exposed heopa. Whore the ^mid ia favoumble, it ia advantageous to bnUd at least one of the 
walla agaifibt the side of a hilt ; bnt where the ground ia level the aides of the entlotiare mual be 
bnilt strong enongb to sustain the weight of the ore nnd fueL The dimeDsinna of such pita vary 
from 1ti-24 ft. square, tlie height of the walls beiu); 5-7 ft. One bide ia uauall; left open or 
provided with a large aperture for charging and emptying tbe pit. 

The floor is first levelled aud t)ien covt red with pieces of wood and faggots. Upon tlieee a layer 
of fine coal is spread, then ore and cokI alternately. The whole heap ia covered with .coal alack to 
prevent tbe fire from rising too rapidly. In order to increase the draught in the ooriierB, where 
it would otherwise be insuQti'ient, pieces of wood aie placed upright against the walla and are 
removed as soon as the pit ia filled. This method of roasting is necessarily intermittent : a pit ia 
filled, tbe Bre allowed to bum out, and Ibe ore removed when cool. Eaoli pit requires about ono 
week to bum. The junnunt of fuel used is very variable, and even under the most favourable 
ooiiditioni part of ihe oie is imperfectly calcined and must be added to the next charge. The 
roasted ore is, where possible, allnwed to remuin exposed to the atmosphere for seveial months, in 
order that the sulphalea mny be washed out by the rain. This method of roasting in pits is now 
only employed under exceptional oircumstancea, for instance when a new blast funiaae has to be 
started. 

In most cnsea where the ore is roasted in oontaot with the fuel, usually oonl alaok, pit kOns are 
now used. One of the most simple forma is Bchedin's, the conitmolioa of which will be apparent 
ftom Pigs. 1526 and 1927. The ore and fuel are fed in altcriiably at a. Fig. IS26, and the routed 
ore ia drawn at d when sufficiently cooh The air neoee&ery for the combustion of the fuel enters 



nuily throngh d, and partly throngh the flne c and the inclined grating above it, b. The greatest 
bent is at tbe top of thia kiln, ooiisequenlly tbe more qnickly the ore is drawn the more regular 
will be the distribution of hout throughout (he ransa. But if the ore requirca to be calcined to the 
clinkering point, it cannot be drawn until the whole of the fuel in the lower pnrt of Ihe charge is 
oonaumed. Should the mass become so clinkered that its own weight is iuauQlcient to bring It 
down, it must be broken away by means of a heavy bar of iron worked from above. There iBlcea 
chance of an interruption through clinkering in tbe working of this kiln if the fuel ia allowed more 
time for complete onmhuation. 

The heieht of the kiln shcnld he so regulated Ihat the ore hns enfDcient time to cool before 
■rriviufr at the bottom. If too hi^b, tbe cost of ruising tbe materinla to the tup becomes very great. 
When Ihe kiln is too low and the ore has to be drawn warm there ia a considerable losa-of heat. 
The aize must therefore ho caloulated aooording to the quantity of ore to be roasted and tbe 
temperature to which it must be raised. Finely divided ore must remain longer in the kiln than 
lump ore, as tbe fuel lakes lunger to burn completely. It is much more advantegcous with thia 
form of kiln to have the ore in pieces of a amall size, lor if the lumps are large there is a greater 
passage tor the air and prodiiela of oombnation in that part adjoining the walls than in tlie centre^ 
and a oouaequent irrcgnhirily in the rousting. The production ot Sohedin's kiln, where tbo ore 
doea not reqairo to be heated to a very high temperature, ia about 12 Irurk-lnada ' " ' 
4 truckloada are emptied into the kjh ' -' 
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nriialea of ore should, as muoli na poseible, be distributed round thiy iidca of ihe kiln, in order 

interact the tendency of the draught to break through at that spot. It U of importanoe to 

le the ore at the cammencement in audi a manner as to lecuro iee:alRril7 of drangbt, as It ia 

Ufilcalt to change the direclicm of the fire once it begins to break through. 

lis form of kiln affonlB special fkcilities for roasting finely divided oie; about two-thndsof ore 

till pieces or powder can be aired with ono-third of lump ore. In Sweden, when vury flna 

re to be roasted, part of the fine coal is replaced by short pieces of wood, wUioh keep the mass 

open. It has been found that in roastmg calcareoue ir<m ores, leas sulphate of lime is farmed 

I Bohedin kiln than in others heated by separate fires or gas generators. This is partly due to 

the flMt, that leas Bulphorio acid is formed wbea sulpbides ate roasted in oantact with carbon, titan 

when gases only are the heating agents. Anothef adTautage is, that the zone of greatest heat 

being dtnated at the top of the ch^ge, the sulphuric, acid eroWed pnsses through a thimier layer 

(^calcueoiiB matter thsti where the heat is applied below. 

Bome of the Swedish ores are ao pure that the only injurious substanoe contained in them is a 
Email proportion of sulphur. It was found thai this impurity eould not be completely removed in 
the old form of HI" , and nmneroos experiments were tried with different kinds of kilos. Sefstrom 
appears to have been one of the first to construct a calcining kiln in which tiie foel did not come 
into actual oontaot with the ore. His form of kiln did not, however, succeed in practice, chiefly 
because, the greatest heal being In the centre, the ore olinkered at that spot and oould uot ba 
leacbed and broken away b; ao iron rod. 

Sefstrran's kiln came into use eontemporaneonsly with von Uhr's, which Is shown in Figs. 1528 ami 
1529. The five fnmacea a are built into the watjj of the kiln. The betlom of the ashpit d forms 
the roof of tbe draw-bole c. This anaugeiueat does not utilize the beat to the follest ezlent, as the 



ore has to be drawn hot; bat it has the great advantage that tbe interior of tbe kiln is enailv 
accessible, so that a full clinkering heat ma^ be applied. Tlie working of this form of Idlu muob 
resembles that of Westman'u gas-kiln descnbed below. 

The first calcining kilns in Sweden to ntiliie the gases From the blast furnace were those of 
Starback. The details of construction are given in Figs. 1530,1531. The gases enter at Ibe boles 
(, while the calcined ore is drawn ont at a. 

Numerous endeavours were made to improve upon this form of kiln and to develop the idoi of 
the utilization of the blast furnace gases. The most enccessful oonstrucUon was that of Closon, 
still in frequent use. esperially ia Swedeu, vhcre it is better known by the name of the Taoninge 
kiln, from the place where it was first erected. 

Figs. 1532 and 153.S show the arratigement of this kiln in its present shnpo. The waste gasee 
from the blastfurnace enter througli the pipeo, which discharges then into the circular flue b, c is 
a reoesB for the reception of ashes, and it an opening for cleaning the fine itself. From A tlie gsses 
rise through tbe vertical fines e into tbe openings /, which admit Ibem into the kiln. The amount 
(^ gas entering is regulated by means of the bricks^, which slide backwards and forwards. Above 
tha openings / are other apertures A, through which clinkered masses of ore can be broken loose by 
■Deans of an iron bar. At a considerable depth below the gas inlets are tha four draw-boles ■'. 
The top, k. Is open ; hut all other orifices are closed by cast-iron doors. 

The Teoningo hiln possoaaes the great advantage over Schedin's, tliat the calcination can be 
made more oiiduing and that tbero is considerable eoonoiny in fuel, waste heat alone being used. 
It has, however, sevornl defects, one of the most serlouB of which is Uiat whtn the beet is raised to 
tha clinkering point tbe ore ia liable to cake and cannot be broiiglit to run down regularly. The 
kiln must then be stopped and the mRssGS adhering to tho walls bruken away. To avoid this it ia 
neoesaary that the oonlents of the kiln should be easily arcessible in the neighbourhood of the 
gas inlets ; but this is diOIcult to attain without completely altering the conBtniction. 

It has been found in practice that the ore is not ^uite uniformly roasted ia this kiln. The chief 
. retMon tix this seems to be that the source of hrnt is adjoining Uia eKtcrior walls, so tliat there 
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mnit be a diminution of lemperntarc towonlB tbe oentre of the mtn of ore. The flame and tbo 

heated pro'lurte of ootiibuntioii ma;', if the draught be goal, anccud in the direction of the dotted 

liues, Fig, 1S:I2 ; but even in thiB, tlie most bvourablo eaec, it is evident Ibal their temperaturo 

muBt iiuve 00Q^idlTabIy dimiDiHUed bcfi'io thiy leach the centre. The grt^tcet heat must, there- 

tbrs, aiwavB prevail in a belt adjoining the nail of the kiln. The ore which paneii down through 

this roasting; belt ia nell calcined, and tiie beat method to secoie uiiifonnitj would be to draw tfaoH> 

portions of tlie ore oidy which have posaed 

tlirongh tltia belt or tune. The construction ^'^''' 

nf the Tenninge kiln, however, renders this 

impossible, as tbe ore from the centre slidi^B 

down t^wurdii the outliU mixed with tbat from 

the periphery. Various modiflculious hare 

been pi\i[>oae'l to remedy this defect, of all of 

whicb that of A. Jansson appears to havu met 

Witli most success. A cusl-iron pipe 5-6 ft. 

long, and 5-6 in. intrmal diameter, hungs down 

Into the centre of the kiln. The pipe l>eing 

empty and surrounded by ore, the <iraught is 

strongest immediately nudvrneatli it, and Iho 

gases are diawn towards the centre sooner 

tlian would otherwise bo Ihe case. By tliis 

means tbe width of the roasting pirdle te in- 

ctefiacd. Tbe central draught can bo regi|. 

Litud by means of a brick placed upon the upper 

end nf the tube. 

This fonn of calcining kiln is nndoubtcdij ■ 

advantageous for ores conlaiaiug little sulphur, 
and which <lo not therefore require a high tern- 
peraturu during roasting. IVilh such ores the 
presence of a few lumps of bodty roasted ma- 
terial is seldom injurious. The Tcnninge kiln 
has this advantage over Weatman's kiln, that 
the amount of gas wasted is not so great, tbe 
heat being mom rconomically applied in the 
lower part of the kiln. In spite of this the 
Tonningu conslruclion is )>raduiiliy being super- 
se<led in Sweden by that of Wcxlman. The 
chief reason for this appears to be thiit the ores 
are required to bo free from sulphur before they 
enter the blast furnace, and there nre few places 
where the mineral is found sulticlcutly pure to 
be advantageously culoioeJ in the Tenninge 
kiln. Woslmnn'M kiln, on tbe other hand, U 
oijnible of removing the sulphur frwn ores 
roritairiing a considerable quantity of pyrites. 
It has been already mentioned that a rlinker- 
ing heat is necessary in cnlcinlng ores coiilaininc 
lime and pyrites at the same time. The mineral 
of the Daniiemora district is of this nuture, and 
it was here thit the flrst Wealman kiln was ' 
bnilt. A Tenninge kiln wus constructed at 
ticiderfors under the snpcrintemloiice of C. VTcst- 
mun. As soiin as it was xtarted, Wentinan found 
that the ore could Dot be roastcil in it to 
tlioroughly as in the Uhr kiln, whieh ha<i pre- 
viously taxn in uso. Ho cime to the conclu- 
sion that this was not due to llic fuel ; but to 
the difficulty in obtainiu;; acr. as to the ore in 
o-inscquenn- of the cmslructiun of tliu kiln. 
Westnian then pmposi'd and built another form 
c-f kiln, «hich. allhiiugh ililD'ring In some de- 
tails, WAS yet the game, as regards the funda- 
mental principli', ns that now in use. 

The prewiit form of Wi atnmn'K calcining kiln 
is given in Figs. I5:t-t lo 15:W, Fig. 15:i4 U'ing a 

seclional plevuiion taV'-n lhrDU;:h tbe line CAB ,.^, 

of Fig. 15:<.'>. Fig. 15:i7 is a plan through UE. 
the fight hidf of Fig. 15.T8»plonon FU. the left half partly on H I and partly oi 

pi.rti'.iiof Fig. 15:«totheleft plan on N M. the lower portion i)Jan on O P.anri „_. ,. 

on 4 R «f FiK. l.i.'H. respectively. Fie 153H relates to a delail of the lower porlimi. To pn-ve 
tlie ore from hangini" againsl tlie sides wb.n cliiikered l^pi'ther the lower pvirt is made wider than 
llip upper. Tbe blast luraaco gases enter tbo annulsr anl-iron pi[ie c through tbe vertical pipes a. 
They nrt Iben iliiitribuleil by nieans of the horizontal pipes •! Ihmiigh the oj^nin;:" / into the kiln. 
The supply is reguhited purtly by Ta1ve« in the main, partly by cJnt-iroii plates which can bo 
nioTc-l luirkwnrds and forwards over the apertures f. The ilmw-holes '' are so situated nndemoath 



IRON. 789 

/thst the ore cttn bo rcnchcd in ftny part hy meana of iron bare. Tbe Tcrticul dinlHiice between 
the dmw-liokB and Ibo apirtures for tiie Bilniiasioii of pis i» very alight, Itiu latter Ih'Iiij; Bitnated 
immeiiiulely above the iron ginlera ;/. An neur alx>vc> / as is ouiiHinUint witli tho alrtincth of the 
kiln are tlio boles A, tUroujih which bars can be iiiBertisI to looson the charge. Above these again 
ii another row of holes t [or the same purpose. Those liolea are all placed so clone logL-lher liiat 



the conleuts of the kiln are as occesaiblo at Ibair lovel as below/. Above > are seveial rows of 
holes k for observing tbe progri'ss of the roasting. All apertures are provided with cast-iron doors. 
Tbe doora of the draw-holes aro furnislied with five small holes for the admiMion of sir ; these can 
be closed by means of slides when uecosaary. The top of the kiln is olosad by a lid I, which is 
opened autocnutieally by the small truck ni as snuii as ore is raised to the Ion. m runs between two 
cast-iron pipi-s n, whicli eommuiiicata with the kiln, and arc sunnonntcd by tbe cast-iron case o. 
Upon ia fixed a chimney p, the draught through nbich can be regulated by tlie damper q. 
SoiDetimea W^tmao's kiln is built without cbimney, Uie lop being left open like the Tennuigo 
kiln. 
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the inunediate neighbonrliood of the Knurce of heat, it is Terr liable to eake in such a manneT a« 
to slop the vorkitig at the kiln. Althooch in Weatman'ii Ula the greateat heat i« at the sidea, 
similar to the Tenningie constnictioD, yet the cone of bailly-rowted ore in the oentre is much 
■mailer, aa may be leen from the dotted lines Fig. 1533. Tlie heat has more Mceu (o the ore. 
■o tliat the csloiaiDK talces plaoe more uniroTinlr. In breakiDg down tlie ore from the boles aboTO 
the raa inlets the centre cone 

can be allowed to lemaio, bo ''"' 

that the proportion of iniper- 
fectlj roeatea ore la reduced to 
a minimum. One diaadvan- 
tage of tlie proiimtt; of the 
gas inleta to the dtHW-hole« to 
the necessity of drawing the 
□re while Blill hot A con- 
siderable smonnt oF heat ia 
thus Inst, which is utilizrd in 
the Tenninge kiln to lieat the 
sir necoseory for eomhustion. 
The great noniber of oboerrB- 
tloQ holes fJ&cilitatcB the break- 

ini; up of olinhered mnnsm of , 

ore to sach an extent that 
there is no danger of stoppage 
from this sonroe. It ia, how- 
ever, advisable to rednce the 
number of these holes as much 
as iaooDsiatent withefflcienoT, 
because there is a oonstderehle 
loss of heat from radiatioD 
through tlie cast-iron doors. 
With some ores, which are not 
required to clinker dnring 
oaloination, the upper series of 
apntnres may I>e omitted or 
tlieir'namber reduced. The 
girdets tipon which the ore 

rests arc sometimes made hollow, so that they maj^ be cooled by ^ drcniating through them. 
Tbe number of draw-holes may Tary from five to eight ; for each draw-hole there are two gas 
inlelfl. The average production d' a Weatmnn kiln is about ii tons in 24 hours for each draw-hole. 
AJtbongh the size of ue kiln mav be increased when a large quantity of on to to Im nasted, yet 
there is no advantage in going W ,„,_ 

jond eight draw-lioles, because tlie 
material in the centre would be im- 
perfectly calcined were the diameter 
of the kiln too great In working 
Weetman's kHu, several precautions 
tnnst be taken. In the first place, 
all hollow spaces in the charge must 
be avoided as much as poeaible. The 
roasted ore abonld be withdrawn 
regularly, bo that the superincum- 
l>eDt portions can settle down gradu- 
ally. If this were not attended to, 
some parts of the ore would be more 
oulcined than othera. Tbe ore T" — - 
which lieeat the bottom of the draw- 
bole is first removed with the help 
of an iron rake. A further qoftotity 
is then broken down by another 
workman stationed at the openings 
above the diaw-hole. Where the 
ore ia much clinkered dnring cal- 
cination three men may be neces- 
sary : bat two are usually snffleient. 
In breaking down the ore, care 
should be taken that it does not bill 
in very large Inmps, theae being 

difflcnll to remove from the girders, 

As soon as sufficient ore has been 

withdrawn the upper port of tbe charge to brought down by means of ban applied thiengh the upper 

openings. 

The waste gas produced by the blast fomace is Tery variable In compneitiou. The ratio of the 
carbonic acid to the carbonic oxide mny oecillBte between TSand 0-35 by weight. The greater 
the proportion of cnrbonio acid, the more perfect has been the utilization of the fliel in the blast 
furnace ; bat tbe worse for heating pnrpoeee is tbe gas produced. lu the combnation of the gas 



an exoeas of either oarbonia acid oj 

tbe piDdnotion of ft Aa, bawuver, 

in Weattmui'H kiln. The gas enters < „ . - . , . 

of water. Tbe appearance of the dame aa it enters the ktin is a guod inilication whether the supply 



Mght, appear that the heat would be greatest where the gaj comee mlo oontact with the are ; but tt 

u found in proctioe that this ii not the case ; but that tiie liighest temperature ptevaiLi at u more 
elevated poiut, where the g^oe becomes mixed with sufficient air to ensure perfect combastion. The 
less draught there is in the kiln, the lower will be tlie zone of heat, and the dftrkei will be the 
appearance of the ore when eiaininud through the apertures adjoining the gee inlets. IF, howeTsr, 
roasted ore has just been withdrawn from the kiln tbe beat of tlie ore nppoitito the gas inlets will 
appear grtater then if examined some lime alterwards. It is of great importance to malataln the 
dimensions of tbe roasting zone, or anuulnr space of maximum heat, conatant, Vaiiatinns may 
tkke place either in a vertical or liorizimtal dueotion. Tbe chief cnDses which tend to increase 
the btight of the roasting zone ate : Increasing tbe draught in the kiln by opening tbe damper ; 
ooarser ore ; a shorter column of ore ; a higher temperature in the upper part of tbe kiln ; colder 
weather; and, finally, the addition of cool slack, proiidod it bums in tbe upper part of the kiln. 
Diminishing the amount of ore drawn also tends to raise tlie masting zone. The zone of greatest 
beat will sink when the oontrajy of tbe above conditions previiils, also when the ores clinker easily, 
or when they contain a lurge proportion of pyrites. In the latter case, tbe sulphur of the pyrilM 
acts as fuel, increasing the temperature in the interior of the oharKe. The horizontal thickneaa 
of the roasting zone can be altered by the method of breaking away the ore with bars. If the bars 
are worked as far as tbe centre oone the lone yill attain its greatest thiokneas ; if only a small 
portion of the olinkered ore be broken away, thru the Kone will become narrower. Each kind of 
ore requires a diflerent thickness of roasting zone. Once this thickness has become altered, it ie 
liable to still further change, so that the amount oF ore badly roasted may be vory couHiclemble. 
When the draught in the kiln is too great tbe temperature of the ore opposite the gas inlets will be 
low, and an inexperienced workman, Huding tbe ore cool at the draw-boles, is apt to think lliat it 
it insufficiently rossted, and to cease drawing. This will, howerer, only increase the tompemlure iu 
the upper part of the kiln, and eggraTate tlie error instead of remedying it In such a esse the 
ore may clinker in the upper part of tbe kiln to so great an eitent that it cannot he brought 
down. Tbe gas must then be turned off and, as soon as tbe cliukered ore begins to cool, it willfall 
to piece*. 

A good chimney prorided with a valve or damper is essential in working the kiln. Where a 
chimney is absent, the size of the lumps of ore is the only means of reguliiting tbe draught, and 
ercD with a chimney it is neceesa^ to take this into account. Various minor causes may affect 
tbe draught, and these can only bo counteracted effectually with tbe help of a chimney. For 
instance, the dranglit is ueually greater during the night than in the daytime, owing to the 
reduced temperature of the atmosphere. In some cases, the blnsl furnace may not anpplj a 
gttfflcient quantity of gas. Wlien this happens, the roasting zone becomes so uiirrow that the ore 
will not clinker. An addition of oool slack tlien becomes necessary in the proportion of 1 part of 
eoal to S or 12 parts of ore. Ores wliich are very easily fused, and contain at the same time a 
considerable quantity of pyrites, may require a second roosting beFore they are sufficiently frt-e 
from sntpliur. When muoli lime is present iu the ore, the depth of the roasting zone must be 
diminisbed aa muoli as possible. In order to produce a certain quantity of ore in a given time tvro 
methods are available. Either large quantities of ore can be diawn at long iutcrvBla or small 
quantities at short intervals. The time between each drawing may therefore vary between 1 and 
2) hours. Much depends upon the character of the ore to be calcined. In general, the grestvr 
the heat to which tbe charge is subjected, the more frequently must portions of it be withdrawn, 
while ores wbieh do not require a clinkering beat may he taken out in larger quantities. It must 
be remembered that each time ore is removed the roasting lone sinks a proportionate distance, it 
then rises again gradually until the operation is repeated. 

Sboold any caange become necesmr? in the chatnotcr of tbe oro to be roasted, it must take 



Ba the (Jinractcr of llis 

B mlcureous nature mu " v ■-' ^ 

be rich in pjri(c8. Tha mixing tiikcs place in the kiln ita^r, by tipping in a certain number of 
trnck-loadii of cacli hind of ore. Thu vhola of the oru alioiild not be tipped into the aanie apot in 
the kiln, because tbe finer nareiclt'S would remain at the plaoe irhcre tlie; fell, while the largei 
pieces would roll towards Ihe Bides of tlie kiln. Verjr floo ore baa incb nn iuflnenoe npon the 
talointttioii that the gitalfl^Bt care mnat be bestowed npon Its nniform dietribnlion. When the ore 
la very dusty, the liner portions have a tendency to ^1 through between the Inmps in auch a way 
that tiicT maj arrito at tbe draw-holea before they are sufflciently calcined. U, therefore, very 
flue ore be tipped on one Bide of the kiln, the roaating zone will become depresbed on that aide, 
nor can any inoreuae of draught prevent thi« ftom occurring. The only remedy is to draw more 
ore on tbe opposite side. 

lu setting Sie to a Weatman's kiln for the first time, some preliainar; steps are neeeaary. 
The goa iulels and oUier openings are filled with firewood, to prevent injur; to the comers from 
the foiling ore. The bottom of [be kiln is covered with a lajer of ore 2 ft. to 3 ft. deep. Upon 
tliia the ore is then tipped, with a small proportion of coal slack. Rometimna it becomes neeesaary 
to Bet fire to a kiln wliich is already charged with ore. In such a case the best plan is to insert 
firewood through the gal ialels and other apertures. The combustion of this wood will then 
prodoce aufficieut drenglit in tbe kiln to permit tbe operation to be conducted in the ordinary 
manner. The ore which is drawn oat at first ii neoeBnrily imperfectly roasted. It should 
be allowed lo cool before returning to the kiln, for if it were iulroduced warm into the 
upper space tba dnngbt would be increased and the routing zone would ooneequently rise. 
Wbare there ia any eholoe of ore, that whiob clinkers moat easily should be Mlected for starting 
the kiln. 

Even with the moriperfeot calciuitig kiln, portions of the ore will aometlmes pass tbrotigh 
imp^ettty loaated. With 

many kincta of orea this ia "*'■ '"™' 

not of great importance ; but 
where tbe raw material oou- 
tains a considerable propor- 
tion of sulphur, the bcidly 
roasted pieces must he pickal 
out by hand and returned to 
the kiln. Should the wbo^c 
contents of tbe kiln h 
sufficiently roasted, it ma; 
Bometimea become necessary 
to pick out the cliukered pieces and to calcine 
the rcsidae again. 

The blast furnaces of the btctnatile district 
are much tbe«me as those at work in CleTeland, 
but the appliances for working thorn are not 
usually quite so good. Those at work at Barrow 
may be taken as a fair type of most hiematite 
furnaces as to aim and capacity ; they arc about 
65 n. high and 16 ft. diameter at tbe bosbca, 
having a capacity of about 9000'10,OI)0 cubic ft 
Tbe furnaces at tbe Fumess Iron and Bteel 
Works, Aakam. ere G7 ft. high and 19 ft. diameter 
at the boahes, Ispering to IS fL below the gas 
outlet, Figs. 1540 to 1512! and they have a 
capacity of 13,1110 cubic ft., which is stated to be 
greater than Ihat of any other htamstito furnaces 
at present working. The various attempts which 
have been made to work larger furnaces for 
bsniatite ored do not seem to have been attended 
with Euch succeaa as (o justify the erection of 
otheta; and in one or two inatonces where fur- 
naces of 75 ft. height have been erected, tbe re- 
Bulls obtained bate been so nnsatiafaclorr that 
the furnaces have been blown ont and the height 
dimlniahed to 55 or 60 ft. Tbe Aakam furnaces 
of 67 ft. height did not work well for some 
time when they were first blown in; the canse 
of their bad working waa attributed lo the 
smallnaas of the charging bella in proportion to 
the width of tbe furnucca, and conaequently 
larger bells were snbalituted. Thcio fumaeea » J J 

work wilb great regularity, each producing 

weekly from *00-160 tons of iron, a Jorge proportion being of a quality a 
ooQvertera. 

Tile geneml form of these fnrnaces is ahown in Figs. 1539 to 1511, and the priucipad dimensions 
are as follows; — 




IBON. 



793 



ifcigbt erft. 

DUmeter at bothes 19 „ 

„ throHt 18 „ 

„ heortli 7 „ 

Heating sorfBioe SfiOO iqaare ft 

Niunbet of tuyere* 6 

Aran ot blast inlet 75 njuare in. 

Prennra o( bla«t at engine 81b. 

„ tufete* 2| lb. 

Area of gaa outlet Igsqnarefl. 

Diameter of charging bell 12 ft 6 in. 

Weekly make of iroD eaob fnnMce 400-4S0toui. 

Tbe ormagemeDt of fnmaoe top abovn in Fig. 1542, or some modiflooUon of It, ii mually 
adopted where the gas from open-topped hnoiatite fnmacea is ntilited, tlie gat being taken off 
throagb a aeriea of openings round the fomEKe throat, vhich is contraoted in diameter more 




abruptly at that part Tbli 
is found to answer the purpose of dis- 
tributing the materials vei? fairly, and at 
tbe same time of taking off a large propor- 
tion of the gua to the stoves and boilers, bnt 
it can only be looked npon as a oompmmise. 
A semi-cloaed top is used at the Barrow 
furnaces, in which the gas Is taken off ' ?T~^ 
tlirongb a central gas tube as well as 
through openings round the fumsoe throat. 

Of tbe materiGds used in tbe prodnotion of 
hBmatita iron tha principal is the bnoiatLte 
ore, found in North Lanrashire and Cum- 
berland, which occurs in tiro Tanetiee, 
one bard, compact, aud almost bee from 
moisture, and the other soft and wet. The 
bard ore i* almoat invariubly used in tbe 
production of hematite pig iron, and is 
tbertfore called blast ore; while the softer 
quality is used for fetliing puddling fnmacBS, 
and is called puddling ore. Tbe blast ore 
of Whitehaven and Fumess does not differ 
much in quality, both dJBtrii^ts yieldinsgood 
and bad vaiietiea; but the best Whitehaven 
ores are rkber in iron than tbe best Famess ores. In Furneaa tbe poorer blast ores nsnallj 
oonlaio about 4o per cent of metallic iron, while the better qualities ran up to 57, and in soma 
cases ijO per cent ; in Whitchuven tbe poorer ores contain about 50 per cent, of metallic iron, 
and the best ran np to 60 or 65 per cent : bnt ibe average pernentage of iron in the ores used in 
both diiitriots is piobubly between 57 and 60 per cent. 

In this ore tbe principal impurity is silica ; and unlike tbe Cleveland and most other ores, it doe* 
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not oontain any alumina. It is therefore thought deeirable at many places to mix it ^th aluminous 
ores, for the purpose of producing a better slag, and also in order to obtain greater regularity in the 
working of the furnace. The addition of these aluminous ores also gives tiie means of controlling 
in some measure the percentage of silica in the iron. 

The aluminous ores are also obtained from Ireland, and are so readily accessible that they can 
be had at a reasonable cost Three principal varieties of Irish ores are used in the manufacture of 
hematite iron, and these are fairly represented by the three ores known as lithomarge, red 
aluminous iron ore, and black nodular iron ore. The accompanying table shows their respective 
compoeition ; — 

Analysis of Aluminous Ibon Orbs. 



SUica 

Alumina 

Titanic acid 

Peroxide of iron . . 
Protoxide of iron .. 
Magnesia and lime 
Water of combination .. 



Percentage of metallic iro^ . . 



Lithomaige. 



Red Alnmfnoas 
Ore from Lame. 



per cent. 
30-70 
27 05 

trace 
25 05 

trace 

111 

15-85 



per cent. 

11-25 

35-61 
trace 

34-65 
none 
trace 

16-30 



99-76 
17-53 



97-81 



24-25 



Black Nodular 
Ore from 
Red Bay. 



percent. 
600 
20' 




71 



37 
75 
63 



o-qs 

trace 
115 



100-58 



50-67 



From this it will be seen that the proportion of alumina to silica in the lithomarge is about in equal 

?[uantities, being 27 and 30 per cent, while in the aluminous ore from Lame, and the black nodular 
rom Bed Bay it is about 3-1 ; the red yariety containing about 35 per cent, of alumina against 
20 per cent, in the black nodular. 

The lithomarge has been longest in use, and is preferred at some works; but some believe the 
other two varieties to be better for most purposes, because the percentage of silica in the lithomarge 
is so liigh in proportion to the alumina that a very large quantity of the ore must be used to produce 
any appreciable difference in the composition of the slag, and in the smelting of the materials in 
the furnace. A still more serious objection to the lithomarge is the high percentage of moisture 
it contains, which must have a very mjurious effect in cooling the escaping gases of the furnace, 
and thus increasing the consumption of fuel a ton of iron. In addition, moreover, to containing 
water of combination, lithomarge has a great attraction for moisture, and generally contains from 
5-10 per cent, of hygroscopic water, which has also to be vaporized and raised to the temperature 
of the escaping gases ; and if to this be added the coke requisite for melting 4 cwL of material 
which can scarcely be called iron, the total loss of fuel amounts to at least ] cwt. of coke to the ton 
of iron made; meaning a reduced make, and| therefore an increased cost not fully represented by the 
increased consumption of coke alone. 

The red aluminous ore has also the disadvantage of containing usually about 15 or 16 per cent, 
of moisture ; not only causing a waste of fuel, as in the case of the lithomarge, but the red ore 
having also a tendency to fall to powder, the contained moisture causes it then to assume a pasty 
condition, which leads to bad distribution of the materiab in the furnace, and the ore is thus 
mechanically objectionable. The black nodular ore from Bed Bay is free from the objection of 
containing combined water, and owing to the compact character of the nodules it does not so readily 
absorb moisture as either lithomarge or red aluminous ore ; and as it contains a high percentage 
of iron, amounting to as much as 50 per cent of metallic iron, with a large excess of alumina over 
silica, the proportions of the two being 20 and 6 per cent, respectively, it affords the means of 
neutiiilizing the effect of the silica in the hematite ore, without increasing the consumption of fuel 
a ton of iron made, or diminishing the make of the furnace. 

The hsBmatite ore being found in a limestone formation and worked in the district, there is a 
plentiful supply of good and cheap limestone. That used at Askam is obtained from a neighbouring 
quarry at Btainton, and has the following composition ; — 

Analtsib of Staimton Limestone. 

Carbonate of lime 95*00 per cent. 

Carbonate of magnesia 4*20 „ 

BiUca 0-50 

Oxide of iron, and alumina 0-80 „ 



100 00 



The coke used in the Fumess district is almost enthrely obtained from the Durham coalfield 
and is usually of the very best quality. The average composition of the coke used at Askam is as 
follows ;— 
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ANlLTBia or DUBHtH COKS. 

Bulphar 0-70 pet cent 

Aeh 5-00 

Hoututeudlon 0-92 „ 

CarboQ I9 diSeteDoe 93'3S „ 

10000 „ 

Id votUng K mftterUl k dUBonlt [o Aeal witb aa the bntnatite ore, the Dnt and nrnt important 
point to be attended to is the proper diitributioa of the materi&la in the rnmace. la the open- 
topped and temi-cloeed rnmocea thti ia easily done by keeping the fnrnace alwaje M\ to the same 
heiglit, and putting in nnall abiiTgei in Tecinlar rotation. In the esse or cloee-topped Fnroanes 
the Bsme object is acoomplighed, citlier by taEing aae to have tho ciiorging bell properly propor- 
tioned to the diameter of the furnaoe, or else by gauging at freqnent intervals with an inm rod, 
in OTder to make sure that the mnteriala abail never be above 01 below the height which baa 
been proved by eiperionce to give the mnrt satiBfaotory reiulta. The ganging must be done not 
only at one but at varions points ronnd the oircnmfereDce of the faroace, aa it i» found that there ia 
a tendency at times to drive nneqaolly on different sides ; and this may be oonnteiBcted by 
regdlatine the aapply of blast by meona of a valve flu^l to eaeh tnyere. It is also neceaaary to 
prevent the ore being oharsed in too large piecesi otherwise it is fotmd exoeosiTely difficult, owing 
to the compact nature of the ore, to ensore its perfect reductian before it rMchea the part at ths 
fomaoe at which it is melted. 

A. further difficulty is met with in keeping the tnyere breasts good, aa an^ fretting at Iheas 
plaoea leads to the. necessity fbr ohan^ng the tnjerea, and oonseqnently oooasions irregularity of 
working in the furnace. To obviate tliia as mneh aa poiaibla, the oonstmotiDn of tnyere and tnyere- 
breasts shown in Figs. IMS, 1544, has been 

adopted at Fnmosa, oonustliig of a close doable isis. 

coil of water pipe ; the large outer coil A A ifl 
14 inches diameter and of the depth of the 
tuyera-breast, and in the centre of it the tnyere 
Bis packed with clay OG; in tlio event of the 

Sere leaking, it can then be easily removed by 
ing ont the clay, and another tuyere can be 
anbetitutdd, the whole procees of changing the 
tnyere oocnpying only from ten to fifteen 
minates. As nothing interferes so much with 
the regularity of working of a blast furnace as 
trouble with the tnyere-breasts and changing 
the tuyeres, this plan has proved to be of consider- 
able value in removing those souroes of difficulty. 
Tiie result of the working of the Askam 
No. 2 furnace, of S7 ft. height, 19 ft. diameter, 
and 13,100 cub. ft. capacity, has been found to be 
a consumption of 22J cwt of ooke a ton of iton 
made when working on Beaaemer iron and 
tuing the Aakam ore mixed with about 10 per 



oont of black nodolar ironstone, known aa Fisher'a Bed Bay ore, and flnied wiUi H owL of lime- 
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The composition of the escaping; gases has been fonnd by analysis after drying them to be as 
follows, at a time when the temperature was 732^ F., and that of the blast 968° ; — 

Analysis of Escaping Gases from Abvam Blast Fubnacb. 



Nitrogen . . 
Oarbonic oxide 
Garl)onio acid . . 
Hydrogen 



By Volume. 



By Weight 



percent. 

54-51 

34-97 

8*36 

2-16 



100-00 



percent 

52-59 

33-80 

13-47 

014 



100-00 



The weight of the escaping gases is 120 owt. to the ton of iron made, and the quantity of heat 
carried off by them when escaping at the temperature of 732° F. amounts consequently to 
22,669 F.-cwt.-unitB, one such unit oeing the Quantity of heat required to raise 1 cwt. of water 
through 1 degree of temperature F. The weight of blast supplied to the furnace is 82| cwt. to 
the ton of iron made, which at the temperature of 968° F. introduces into the furnace 19,176 units 
of heat : this is in the proportion of about 85 per cent, of the heat that is carried off by the escaping 



The total quantity of heat produced in the Askam furnace by the combustion of the coke 
and by the blast amounts to 150,000 owt.-unit8 a ton of iron made, of which 40 per cent, is 
ab6orl)ed in the actual reduction of the iron from the ore, and 15 per cent, is carriea off in the 
escaping gases, the remainder being accounted for by the other operations taking place within the 
ftimaoe. 

The composition of the Bessemer and forge iron made in the furnace, and also of the slag; 
is given in the following tables ; — 

Analysts of Askam HiBUATrrB Pio Ibon. 



Oarbon, uncombined .. 
„ combined 

Silicon 

Aluminium 

Manganese 

Calcium 

Magnesium 

Sulphur 

Phosphorus 

Iron 



100-000 



No. 1 


No. 3 


No. 4 


Beesemer Iron. 


Bessemer Iron. 


Forge Iron. 


percent 


percent 


per cent 


3-928 


3-377 • 


2-719 


0-109 


0-469 


1-222 


2-640 


2-424 


1-608 


trace 


trace 


trace 


0-093 


0-021 


0021 


0-021 


0-050 


0-074 


trace 


trace 


trace 


0«004 


004 


0-031 


0-014 


0-010 


016 


93-191 


93-645 


94-309 



100-000 



100 000 



Analysis of Slao from Askam Blast Fubnaoe. 

Silica 38-00 per cent. 

Alumina 10*00 „ 

Lime 4219 „ 

Magnesia 1*65 „ 

Sulphuret of calcium 2*45 „ 

Protoxide of iron 2*08 „ 

Potash 1-60 „ 

Protoxide of manganese trace „ 

Soda and loss 2*03 „ 

100-00 „ 

The quantity of coke used, 22{ cwt to the ton of iron made, is the result obtained in making 
Bessemer iron, which reqaires a specially high intensity of heat The same furnace making forge 
iron would work well with about 2 cwt. less coke to the ton of iron ; and the temperature of the 
escaping gases has been found to be much lower when this quality of iron is being intentionally 
produced. 

With regard to the opinion that the capacity of the ordinary blast furnace can be increased 
materially by increasing the height. I. L. Bell, in his * Researches on the Chemical Phenomena of 
the Blast Furnace/ anires at the following conclusions ; — 

Two great improYcments in the smelting of iron were considered by Bell, namely, the use of 
heated air, and the increase of size in furnace. In point of reputation, the hot blast occupies by 
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hr the more important position ; but it will be seen from what has preoeded that in point of real 
merit, so far as economizing fuel is concerned, Neilson's diBCOTery is not entitled to this distinction, 
which is one it has acquir^ from priority of introduction, and from a supposed virtue believed to 
be the peculiar property of heated air. 

These observations are at present limited in their application to the stage to which Bell's inquiry 
has been brought, which consists in having proved that, in the matter of niel consumption, a 71-ft. 
cold-blast furnace performs as perfectly as one driven with heated air, having an altitude of 53 ft. 
The 53-ft. hot-blast furnace, it is true, turns outalarger make of iron than that blown with cold air, 
probably 200 tons a week against 120 tons, but on the other hand, the latter, without any apparatus 
to maintain or fuel to expend for heating the air, is able to do its work as efficiently, in point of 
fuel consumed in the furnace, as the other, assisted by the more complicated appendage suggested 
by Neilson. 

It now remains to consider the prospect there is of oonstmctine a furnace so large as to dispense 
altogether with the use of hot air, without a sacrifice of fuel used in the furnace iteelf ; afterwards 
to examine the effect of uniting the benefit derived from a high temperature of blast with that 
obtained by enlarged capacity ; and then to test the belief expressed oy many smelters that the 
blast amnot be made too hot for economical purposes, and that real progress in iron smelting 
must hencefor|h be looked for chiefly in that direction. 

The first portion of this inquiry has been already answered in showing that 251 cwt. of ookeare 
capable of evolving 93,000 cwt. heat units, the estimated number of units reauired for producing a 
ton of pig iron from an oro yielding 40 per cent, of cold blast for 27^ cwt. or soke ; and forge iron, 
in 1834, according to Dufr^noy, was smelted in France with 25 cwt. before the use of hot air was 
suggested bv Keilson. 

This reduction of 12) cwt. was, at Lilleshall, effected upon an ore only requiring, in a 53-ft 
furnace, 40 cwt of this combustible. Whether it would be possible to force the air conveniently 
through a column of material so high as to be able to produce a ton of pig iron from, black-band 
with 25 to 27) cwt. of coke with cold blast is a question which would demand oonsideiation. This 
doubt arises from the circumstance that this variety of ironstone, parting with its oxvgen so 
slowly, consumed in a low furnace 60 cwt of coke a ton of metal, and would therefore obviously 
demand a much larger addition to its capacitv to bring its coefficients of fusion and reduction into 
harmony with each other, than an ore only taldiig 40 cwt. to smelt it under the same conditions as 
to temperature of blast. 

There remains to be considered, a furnace sufficiently large to enable the ascending gases to 
divest themselves of their sensible heat, and to become saturated with oxygen, both operations, it 
will be assumed, being effected to the extent permitted by the nature of the process. Suppose, 
now, into such a furnace, instead of cold air, the blast was admitted at a temperature of 485° G. 
(905° F.), the same effect in point of increase of intensity would follow as happened when the blast 
was changed from cold to hot in the lesser furnace, and some of the extraordinary consequences 
supposed to be due to this additional intensity of heat in the hearth should mamfest themselves, if 
the value of tlie hot blast were dependent thereon. Such, however, is not the fact ; for the furnace, 
having now sufficient capacity to permit the two functions of fusion and reduction to proceed, in 
point of time in unison with each other, instead of one heat unit in the blast doing the work of 
tliree or four previously evolved by the fuel, each unit of heat thrown in with the air does no 
more duty than one unit produced by the combustion of coke in the inside of the furnace. 

There is no doubt with combustible matter of the same commercial value, it would be much simpler 
to obtain the necessary heat by the direct action of the blast on the fuel in the hearth of the fur- 
nace. Inasmuch, however, as the air is now heated by the escaping gases, or by coal of little 
worth, there is, in spite of the law just enunciated, a notable advantage in the source of heat ren- 
dered available by Neilson's invention. The question, therefore, which presents itself is the extent 
to which it can be substituted for that generated by the more expensive description of fuel used 
in the furnace itself. 

The chemical laws relative to this, which regulate the power of carbonic oxide to deoxidize an 
ore of iron in presence of a gas having a contrary tendency, such as carbonic acid, impose a limit 
to the substitution of mere heat for heat accompanied by the carbonic oxide, the generation of which 
served as its source. The quantity of carbonic acid due to the reduction and carTOn;impregnation of* 
an ore of iron is that represented by 6' 58 cwt. of carbon for each ton of metal. It may be assumed 
that, if the volume of carbonic acid materially exceeds 45 volumes to 100 volumes of the lower oxide 
of carbon, reduction is nearly suspended. In practice, however, it may be regarded as difficult, if 
not impossible, to saturate tiie gases with oxygen to an extent even to obtain this relation between 
the two oxides of carbon, owing to the slowness of the operation. As a rule, when the gases contain 
for 100 volumes of carbonic oxide 40 volumes of carbonic acid, it may be assumed that the process 
approaches the extreme limit to which, in treating the ironstone of Cleveland, it can be carried. 
When the gases have absorbed a quantity of oxygen sufficient to establish the relations just men- 
tioned, the weight of carbon consumed will be that represented by 21 to 21 } cwt. of good Durham 
coke. When this quantity of such coke is burnt to the condition of oxides in the proportions men- 
tioned, the heat evolved is not sufficient to discharge the demand made upon it in smelting a ton 
of iron from Cleveland stone; and the deficiency is exactly represented by the quantity of heat 
nsually contained in the blast at any well-appointed furnace on the banks of the Tees. In other 
words, if 25} cwt. of coke, burnt under favourable conditions, can smelt a ton of iron with cold air, 
4 cwt of such coke can be saved if into the furnace a quantity of heat can be introduced with the 
blast representing 4 cwt. in. question. 

Supposing, however, that instead of being content with the blast being heated just enough to 
afford an economy of 4 cwt., which would be about 905° F., its temperature is raised, say to 1472° F. 
This addition to the heat resourcep of the furnace will immediately be felt all over its contents ; 
and as soon as it reaches the zone of reduction, where the temperature is such that the carbonic 
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ftoid therein pineinted is inert on carbon, th[B condition or tilings experienoea a complete change, ftnd 
Uie iDperheated carbonic acid now dlaaolroa coke, which ia proditctiTe oF Iobs, both [rom the cooling 
^ect of the reaetioti and from the actoal diminution of fuel arrinne (or combtution at the tajerea. 

Bell ba« proved tliia bj repeated analvsea, and he hae invuiably found, that jUBt aa anj ox- 
oetaive quantity of heat was injected into the furaaoe with the air it received, bo did there disappear 
a quantity of carbouio acid from the gases, oorreBpoudiug eiactl; with the needlessly high tem- 
perature conferred upon the blast 

The Bnlveut power, aa it were, of the gases over oxygen having reached Its limit when 30 per 
cent, of the reducing carbonic oxide has passed into the higher state of oxidation, is a barrier to 
further economy, because reduction then practically oeases. If, however, referenoa is made to the 
table of heat appropriation in Bell's work, it wiil be perceived there is a loss of nearly ono-lenth 
of that evolved hy the sensible heat carried off in the escaping gases. Appreciablo as this is, 
it is less by one-half from a furnace of 12,000 oubic feet than it was from one of 6000 cnhio feet. 

Bpiegeleisen is a pig metal which bniaks into tnirror-like facets, and was formerly produced by 
charcoal out of mani^uiferous iron ores, its singular peculiarity being due to the presence of 
10 to 12 per cent. of. manganeae, on which the B^aemer proce^ depends for its luccess. The hot- 
blast furnaces formerly employed in Germany for the prodnction of this variety of iron were of 
Btnatl outlines, but always In working condition. The stacks of the well-known HUseu Stalberg 
Ironworks, and others in that vicinity, were thus built ; — Totnl height of furnace, 35 ft. ; height 
of tuyeres above bottom, 1 ft 8 in. ; height of hearth, 5 ft. ; height of boshes, 9 ft 5 in. : diameter 
of tunnel head, B ft. : diameter of boshes, 9 ft. ; diameter of upper part of hearth, 2 ft 8 in. ; 
diameter of lower part of hearth, 1 ft. 11 in. They were worked with hat-bhut air at about 300° 
to 480° F., the air being forred into the furnace through two tuyeres of H to £( in. diameter, at a 
pressure of It to 1] lb. a square inch. The average consumption of charcoal to the lOQ lb. pig 
metal was about IIS IK to 120 lb. ; the average daily production during the year, about 4} tons. 
In tlie practical working of the fornooe the spathic ores yielded about 38 to 30 per cent of iron. 
But on account of the devastation of the forests, and of the scarcity of hard wood suitable for 
conversion ino good charcoal, tliis fuel, soon after 1859, proved insufBcient to produce t)ie 
spiraeleisen wanted, and it became necessary to replace the charcoal by coke. 

In Rhenish Pniraia there ore a number of blast furnaces, each producing daily some 30 tons 
of this valuable and pccnliar pig metal. The iron ores used are of four different kinds ; — 

Red hamatite, a very pure ore from the beds existing on the I^hn, a large tributary of the Rhine 
at Nassau. Of this ore there are two rarietiea, a harder and compact mineral associated with 
a ealcareous gangue, and a softer and pulverulent hnmatite. Both varieties are entirely free from 
sulphur and phusphorua, containing from 3 to 1 per cent, of manganeae, a small percentage of 
alumina, water, and silica. The presence of carbonate of lime in the I»dy of the compact ore 
gives it a peculiar character, and renders it eminently fitted for mixing with other siliceous ores. 
there being ia the ore 50 per cent, of iron end from 10 to 15 per cent of carbonate of lime. This 
ore is very eoonomic in smelling, owing to the presence of lime flux In the most favourable 
conditions. The soft, pulverent ore is richer, yielding 55 to 58 per cent, of metallio iron in the 
ptactioal working of the fumaoe. Both kinds are easily rbduced. 

The products from daoompoiition of the specular ore, of similar favourable oonslitution, and 
equally fiee from obnoxious mixture. It oontains some water chemically combined (2F'e|0,,3HO), 
is porous in structnre, yields about 50 to 51 per cent of iron, and is more easily redoeed than any 

Excellent spathic iron ore from the vicinity of HUseu, in which a certain proportional port 
of the iron, from 8 to 14 per cent, is rephioed by manganese. All the spathic ores (FeO,CO,) 
onntaio a trace of snli^nr, and therefore requite caloiitation. The cdlcination is effected in kilns. 
Figs. 1545, 1546. In these roasting (umaoes, by distributing it in alteraale layers with warte 
eoel, the ore is rendered porous, and easily broken iato small pieces, whereby it is more easily 



ac-ted upon in the smelting furnace. The chemical constitution of the ore in the crude state fs 
HnO,CO, 4- 4FeO,CO, = oxide of iron 49-01 ; oxide of manganese, 1243, carbonic acid, 3B-5G. 
The oxide oT iron represents ST'SS per cent, of metallic iron. By the calcining process the ore is 
_i — ~^ !«<., .^^.,.„-,tA^ nf !_»> ai-89j representing 56'78aDelallio iron, and si-sqnioxide of 
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An alammoiia ore ia used for a(1miztiire with the otliera to make a liquid elof^. These deposits 
of ore are from 80 to 100 miles distant from the works, and are easUy accessible by navigation 
and by rail. 

The flax nsed is a very pare carbonate of lime, the constituents of which are, carbonate of 
lime, 98*00; silica, 1*50; hygrosoopic water, 0'50. As a reducing agent coke is used, the 
bituminous coals being purifiea prior to their application to the blast fumaces. The coals are from 
tiie vicinity of the ironworks, and the ores are brought thither, for it is always cheaper to bring 
the iron ores to the coal than the coal to the ores. They contain a good deal of slate, and from 
5 to 1 per cent of sulphur, and to eliminate these noxious adherents they are subjected to a very 
careful process of grinding to the size of a hazel nut, and separating by means of water. Having 
been subjected to this process, thecoab are coked in close furnaces. Figs. 1545, 1546, the charge of 
each furnace consi^ing of 120 budiels, covering the bottom of the furnace to a height of 18 or 20 in. 
The coking process lasts thirty-six hours, and furnishes from 57 to GO per cent, of coke by weight, 
of porous cellular character sufficiently firm to hold up the burden of the furnace, and containing 
8 to 10 per cent of ashes of a reddish-white or grey colour. The volatile carbonic matter of the 
coals, after having been used to heat the partitions and floors of the coking furnaces, are sufficient 
to heat the steam boilers. The air blast is supplied by two 80-hor8e horizontal engines, maintain- 
ing four blast furnaces, and one verti<^ lOO-horse enfone for fifth ftumace and for reserve. The 
blast is regulated by being passed through a reservoir 200 ft. long and 6 ft diameter = 4654 cub. ft. 
Hie principal dimensions of the horizontal engines are— diameter steam cylinder, 8 ft 3 in.; 
diameter blast air cylinder, 7 ft. 6 in. ; length of steam cylinder, 6 ft. ; each revolution of the 
ily-wheel would therefore give 1060 cub. ft only ; 18 or 19 revolutions a minute, allowing 

12 per cent, for lues by leakage, 16,800 cub. ft The vertical engine has— diameter of steam 
cylinder, 3 ft 3 in. ; length of cylinder, 7 ft. 9 in. ;' diameter of blast-air cylinder, 8 ft By 

13 revolutions a minute there will be 18,000 cab. ft of air, less 10 per cent, for leakage. Before 
being forced into the furnace, the blast air is heated by means of the gases escaping from the 
month of the furnace and collected there by means of a special apparatus. It is foand that two 
heating apparatus of the form Figs. 1547 to 1549 are sufficient to heat the blast air of each furnace. 
There are fifty-two pipes in each apparatus of the shape represented, each pipe beine divided, 
by means of a partition, into two parts, so that the blast air may ascend and deeoend in each, 
llie latter are from 10 ft to 12 ft long, the surface exposed to the fire is 2429 sq. ft., and the cubic 
contents of the fifty-two pipes 460 cub. ft. 

The dimensions of the blast furnaces Figs. 1550, 1551, there being two gronpa of stacks, are ; — 

DwENsiOHB or Sfixoeleisev Fubnaobb. 
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No. 1. 



Height of furnace 

Diameter of tunnel head 

„ I, Dosnes *• .. •* .. 

„ „ hearth, upper end 

„ „ „ lower end 

Height of hearth 

„ „ boshes 

„ ^ centre of tuyeres above bottom 

Inclination of the boshes, 50° 

Square contents of the mouth 

(9 n n lx)snes 

Cubic contents of the whole furnace 



ft in. 

M 

8 8 

15 2 

4 9 

4 9 

6 3 

11 9 

2 5 

59* 

180 

6396 




The bottom and lower parts of the hearth, up to 3 ft. above the tuyeres, are built with pudding* 
stone from Marchin, in the Ardennes, Belgium ; and for the upper- hearth boshes and tnnnel of the 
furnace, Ardennes fireclay bricks are used. It must be remembered that spiegeleisen is chemically 
composed of foor parts iron with one part carbon Fe^O, and that the combination is only formed 
during the PJ^riod of the smelting process which follows immediately after the deoxidation of the 
iron OTcs. To fulfil the conditions under which this combination of iron and carbonic matter 
can take place, it is absolutely necessary that the mixture of ores and flux be of the most fusible 
nature, so as to allow of the accumulation of the charge, in proportion to a fixed amount of coke, 
to such a degree that the smelting and separation of the iron from tlie slag occurs at a point as 
near as possible to the tuyeres. It is safe to say that this separation, when resulting at a higher 
place in the hearth, would give too great an opportunity for the carbonic acid gas to carry off 
some of the carbonic matter from the iron, changing itself into carbonic oxide, and reducing at the 
same time the constitution of the spiegeleisen, '^efij to a lower grade of carbonization. The tem- 
perature at whioli the specular iron melts is calculated = 3582° F. It is therefore found necessary 
that the charges should be composed of red hnmatite, SO per cent. ; spathic ore, 38 per cent. ; 
decomposed brown ore, 20 per cent. ;*and aluminous ore, 12 per cent., yielding 40 to 50 per cent 
metalUo iron in the praotieal working of the blast furnace, and to create the needed fusible slag 
there was added from 32 to 40 per cent, of lime. Each charge consisted of 1860 lb. coke, 2800 to 
8200 lb. of mixed ore, and 800 to 960 lb. of carbonate of lime. The furnace carries thurty-five to 
forty charges in the twenty-four hours, and vields an average of 60,000 lb., or 30 tons a day. 
For 1 ton of pig metal there was used 2 tons of iron ores, nearly 13 cwt. of fluxing materials, and 
1} ton of coke. The blast air, with a temperature of 630° to 660° F., is forced into the furnace at a 
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prentueof 2) to 3 lb. a sq. in. tt the endue, and of 2-2 to 2'6 at th« tuyeres. Out of tbe Ave 

ta;«i«8,Fig. 15S1, twoare un oppoaite aideiand one at the rear of the farnaoe; Moh one declined 
ft few degrees from the centre of the hearth, bo aj to force the blast air into a kind of whirlvind. 
which is nonsidered the beat way of distribnting the compreaaed air thioagh tho amelling and com- 
biutible maaa. 




The dimenaiona and shape of the Injeres for the blast fnmace vary i^eatly in different diatriota; 
bnt until recently all the tnjerea in uee, since the introduction of hot blast first necetsitatedairateT 
toyere, may ho clasied nnder tito beadii, the coiled tuyere and Uie weter-jacketed tuyere. 

The coiled tuyere is genetvlly mode of a ooil of wronebl-iraD tube imbedded in the sidea of a 
hollow cone of cast iron. Sometimes Ihe ooila are wnonil close at the nose of tlie tuyere, in order 
more effectually to prevent the cast iron from burning : and somelimea the tuyere itself is formed 
entirely of a coil of tube, closely wound from eud to end. Tliis form of tuyere is illustrattMi in 
Fig«. 1992 to 1555, Figs. 1553 and 1555 allowing tbe coil in uctioo. 




,e throof^baaeanid pipe in the upper ride. Fifra. 1556 to 1559 are tuyeres uf this deerription; 
Pig. 1557 tbe ordinary wntught-initi tayeie, and Fig. 1559 the gun-metal tuyere introduced by 




A water-jacketed tuyere. Figs. 1560, 1561, is very much used on the continent of E , . , . 
is mado of wrought copper, the inner tube being brazed in, and a wrongbt-iron ring either brused 01 
riveted in at the rear end. 

Figa. 1562, 1563 are of the pho8pbor-bron2e tuyere. Theae tnyctea are generally fixed in aca«t- 
iron caiing, beyond which thev project into the fumaoe for the greater part of their Icngtb, and they 
are so arraneed that they can be tnrned ronnd in the coal-iron plate in order to expose a different 
aide of Che tuyere to the action of the materials in the furnace. Qreater durability is claimed for 
phosphor- bronze than for gun-metal or copper, bnt each metal possesnea tbe same advantage of 
preventing theadherenn oialag, (coria, or iron to the nozzle of the tuyere, whiob is the onlyi^oct 



to be gitined by the dm or ooppw ot its BJlojt in preference to tron. Additional preoantiona a» to 
water BUpplj bave to be t«kea where such mutal is used, as owing to the low tempeiatoie at wbiob 
it melte, a tujera may be more lapid); dcatroyed than an iron toyeco where any orei-heating is 

Cible; but nadet fitvonrable ODnHUions KQn-meta], ooppec, and phoBphor-btonze tuyeres hare all 
I found very durable, and the advantage gained by keeping the blaat uoule alvrayi oleiui and 
fullj open ia an important one. 




Fif^. 15G4, 1565 are a moiliflcation ot the wrought-iion water-jncketad taycie, intioduoed by 
Hi-dgctts, in which the lupply pipe is made to deliver its water round the nose of the tuyere 
tlirougb a series of pi^rforstions, and the return water is made to Sow round the tuyere casing by a 

fllletpUoed on the inner tube. ~' * ' 

back, and is kept full of «. 



This tuyere, like Uie ardiuar; water-jacketed tuyere, is dose at the 





Figa. 1567, 1568, with Ihe blaat pipe connected : in the side yiew. Fig. 1566, the bUat pipe ia 
bridien off. 

It coniiats of two coneeDtrio conical tubes, dneed at the nozzle, but open at the rear end. The 
water supply In oonneoted in the nsual mannerwith a flexible hose, and various systems of spray 
pipes are uaed to suit various shapes of tuyeres und conditions oF water supply. 

Although iron apray pipes are now eitentiively used, they are liable to rapid corrosion ; and the 
use of brsaa or copper pipes is found to be an improvement. A set-pin may be naed, as at 0, to 
prevent the spray pipes being Booidantally displaoed. It has been found advantafeoua (o tnm the 
nozzle of the tuji^ee in some cases; by tUs means the adherenco of scoria, or what is commonly 
known as ironing, ia to a great extwit prevented, and the tuyeiee are thereby rendered more 
durable. 

The sptay pipe. Pigs. 1567 and 1568, eonsist* of three tubes slightly flattened towards the 
point, ana in some oases shaped or beut to suit the shape ot the tuyere. These three tubes are 




joined by a wrought-iron fllting, which is oonni^ted by a fourth tube with the water aupply. The 
q>i»y pipes are made either of wrought iron, brass, or copper, and a sufficient amount of water ia 
allowed to escape through small holes or slits in the pipes, to protect every part of the toyere easing 
which is exposed to the heat of the furnace. In Fig. 1566 the spray pipe is shown with the two 
side pipes bent back and plugged at the ends witb wooden plugs, which may be removed oecaHOD- 
bIIj if it is thought desirable to clear the spray pipe ^m any sediment Thespiay orjet of water 
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from each hole in the spray pipe spreads over a considerable snrfaoe, and a small number of holes is, if 
they are properly placed, sufficient to keep the whole interior surface of the tuyere casing constantly 
wet. Scarcely any steam is visible, and the waste water passes away, after cooling the tuyere, at a 
temperature little exceeding that at which it entered, unless a large portion of the tuyere is exposed 
to violent heat The spray is principally directed to the nose end of the tuyere, and beats ba!ok to 
fcome extent on the top and sides, wxiich are also protected bv a sufficient number of additional 
sprays from holes drilled in the pipes. The water &lls round the sides and ends of the tuyere, and 
escapes from the back at the bottom through the waste-water pipe. 

The durability, however, of these tuyeres is not their main advantage. LUce all others, any derange- 
ment or choking of the water supply will cause them to bum out; and in common with all other tuyeres 
they are liable to some of the accidents which will be referred to. If, however, a small hole be made 
in the side or end of the tuyere, either from stoppage of water supply, or any other cause, it is still 
impossible for water to escape into the furnace. Frequently a tuyere that is heating may be saved 
by shaking or adjusting the spray pipe ; but even if the end of the tuyere is entirely burnt, it is 
still impossible for water to flow into the furnace, as the blast will at once escape through any 
aperture, be it small or large, and conseouently blow back anv spray through the open end of the 
tuyere casing. If the hole is small and tne damage is detected in time, the adjustment of the spray 
pipe will often cause it to iron up. If too large for this, there is still no necessity for haste in 
removing the tuyere, as the escape of blast through the aperture drives back the spray and 
prevents the possibility of any harm or danger, such as would result from the faU of this water into 
the furnace. 

When a spray tuyere is damaged, it can generally be repaired after removal by welding a small 
piece of iron on the damaged part ; or in the case of gun-metal or copper tuyeres, a piece may be tapped 
or brazed in and the tuyere made as good as new, at a very trifling expense. 

The Spreader tuyere, Figs. 1569 to 1572, has a water jacket, and the outer end is only partially 
closed at flrst. The lower half. Fig. 1569, is closed by a fixed half ring welded to or cast with 
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the shells; the upper half is afterwards closed by a movable piece as at Fig. 1570; sight holes 
are provided for tlie convenience of examining the condition of the tuyere, which, being so far 
closed, besides giving greater facility for detecting overheating, enables the clay packing to bo 
done witli as little care as with the onlinary tuyere. 

The water supply is fnmi^hed in the usual manner until it enters the tuyere, where through a 
specially prepared pipe, Fig. 1572, it is conducted to and over a sheet-metal spreader that holds 
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up a constantly flowing sheet of water against the upper half of 
the outer shell of the tuyere ; from the end of the spreader, a fan- 
shaped jet of water is delivered against the nose ena of the tuyere, 
and a stream down each side of the outer shell, thence flowing 
towards and through the outlet pipe; the force with which the 
water is ejccterl against the nose of the tuyere depending upon the 
pressure available, the distenoe of the end of the spreader from the nose of the tuyere, about 2| 
m. in Figs. 1569 to 1572, being reg^ated accordingly. Where there is but little or no pressure, 
the spreader is continued close up to the nose-end of the tuyere, thereby conducting the water 
effectively against it. 

In addition to the complete ireedom from the danger of explosion, and fh>m the liability of 
water getting into the furnace, which this mode of water-eooling gives in common with, but in no 
degree superior to, tlie open spray tuyere, the Spreader tuyere is comparatively free from the 
liability to be burned from scurfing and other obstructions, arising from bad water, and is readily 
relieved should such an impediment in any degree happen ; a very slight movement of the spreader 
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to and fro, BiifSoes to rob off and floBh away accnmalation without interrupting the water supply, 
and if requisite, the spreader can be entirely withdrawn, cleaned off, and replaced in a minute or 
two. 

To remoye ordinary bronze tuyeres, it is only necessary to insert a hook and pull them out, 
while this operation is retarded with iron tuyeres by the tenacity with which dropping iron adheres 
to them. The remedy used by some, of digging the iron tuyeres out, partly at least, while tlie 
blast is still on, is dangerous, as the men engaged in it have been seriously injured by their 
blowing out. Bronze tuyeres, too, haye proved the best for the highly heated blast coming from 
firebrick stoyea. 

The causes which may lead to the destruction are varied and numerous. Foremost among 
them is deficiency of water supply or obstructions to its free circulation, such as muddiness of the 
water, imperfections of the screens, iusuflSciency of the size of the pipe and its attachments and fit- 
tings. Anotiier serious and too frequent source is drilling of the tuyere by dropping iron and slips 
of the furnace. In order to ensure sufficient water supply, each 1-inch pipe attachment should be 
allowed 10 gallons a minute, an amount whieh will cool 230 sq. in. of exposed tuyere surface, with 
a minimum pressure of 10 lb. a square inch. Muddy water should be avoided, if possible ; but 
where it must be used it should enter at one end of the tank and be taken off at the other end. 
A good plan is to collect the tuyere water in a collecting pond^ and allow it to cool before using it 
again. Screens must be large, and must be made amply strong, to rodist any ctjllapsing caused by 
the meshes getting filled and being drawn togetber by tbe descending cuiTeut of water. The supply 
pipe to tbe hiyeres should come up through the bottom of the tank 16 in. Over it a strong cylin- 
drical screen, with meshes ^ in. square, made of brass wire, should be slipped. The lower end of 
the screen should terminate with a heavy iron ring, projecting 2 in. out from the screen, acting as a 
base. Tbe top of the screen should end near tlie level of the water, and liave a handle to lift it up. 
Outside this screen must be placed another cylindrical screen, the internal diameter of which is a 
little larger. than tiie cuUar or rin^ of the inner screen. This screen is of brass wire ^-inch mefeh, 
and is well stayed. The scretns can be taken out one at a time, and cleaned, without allowing 
any floating matter to reach the tuyere pipe. The area of meshes of tlie inner screen must be five 
times that of tbe main or tuyere pipe. Large pipes must be used frum the tank to the tuyeres, in 
order to keep up tiie head. No other attachment should be allowed. If the tuyere pressure is 
short, the circulation of water will not carry off the heat from the metal of the tuyere rapidly ; this 
will allow a bead or bubble of steam to form on the inner surface, whioli holds to tite metal, and is 
retained in place in a spherical form by the pressure on it. This bubble increases in size until the 
expansive force of the steam within tbe bubble bursts it The water then rushes in to fill its phtce. 
During the time the bubble is forming, tlte metal of the tuyere lias been powing hotter, and there- 
fore instantly another bubble is formed, which allows the temperature to nso higher. Tbis accumu- 
lation goes on until tbe steam is powerful enough to back the water, and then the tuyere burns. 
With a proper circulation, this is avoided. In many cases the pig-bed hose is attached to the tuytre 
pipe, and as it is used frequently the head of water is lowered, and often at a time when there is 
danger of the tuyere burning. In such a cage, of course, it is destroyed. A mud deposit may be 
easily washed out of the tuyere if provi&ion has been made for tbe emergency by putting a plug 
into the large end. The ordinary plug cock should not be used on the tuyere connection, because 
the hole in tbe plug, when partly clofeed, is a long, narrow slit, and catches everything that comes 
along. A plug with a round hole is best, as it still preserves a good-bhaped opening when partly 
clos^. It is well to open these cocks once a day for a few seconds. 

Drilling is caused by ifon melting above the tuyeres ; it cuts grooves into the lining, and directs 
the current of iron on one spot of the tuyere. This drilling is worse if the furnace is working 
irregularly, as the stock in the centre of the furnace deflects the blast and heat against tbe walls, 
thus causing the melting at that place instead of evenly tbrougbont the -whole mass. Tuyeres 
should not project far into the furnace, as they are more liable to be drilled and to be burned, frrjjn 
the metal collecting around them at times during iiTcgular working. In order to obviate the neces- 
sity of projecting the tuyeres far into the furnace, for the sake of getting tbe blast further into 
it, tbe size of the tuyere nozzle should be regulated. Little attention has been paid to this in 
the ptist, for two reasons, on account of tbe difficulty in preventing the nozzles from burning off, 
and on account of the time and trouble required to change nozzles. Anothtr cause of drilling 
may occur after casting, when the blast is off the furnace, in the following manner ; — A piece uf coal 
may get crosswise into tbe mouth of the tuyere, deflect the dripping iron into it, and drill it on the 
inner bottom surface. Bronze tuyeres stand the drilling better than iron onei^, as the high conduct- 
ing power of the metal instantly chills the hot drop. In a comparative test recently made, a furnace 
was tried with bronze tuyeres on one side and iron coil-tuyeres on the otiier side. As the furnace 
was drilling its tuyeres badly, the test was a good one. Tbe result proved that the bronze tuyeres 
lasted three times as long as the coil tuyeres. The same results have been obtained at other 
places. 

Water breasts are useful in such a cease; they are short tuyeres which ara built into tlie 
breasts of the wall. Their cooling action soon builds up a coating on the breast, which protects 
them. Tliis ariangement possessis some other advantages which recommend it to more universal 
use. As it is firmly built into tbe wall, it holds the tuyere in position even when the wall below 
the tuyere is corroded away by cinder and iron, and prevents it drooping. The old arrangement of 
sprinkling water on breasts is done away with by the water breasts, and a more effectual method is 
used. In the event of a slip, it breaks the force of the falling mass, and lessens the danger caused 
by tbe metal being forced up around the tuyeres. Nozzles should be so proportioned that 
an equal volume of air passes through each of them. They should be kept clean and bright. 
The pricker rod should be used frequently. As soon as a tuyere is dull, and one tuyere pipe is 
not of the same temperature as tiie others, as it is a proof that the air is not passing into the 
furnace through it, a vigurous application of the pricker rod must bo made, to break away any crust 
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and get the air further into the fomaoo in order to reach firesh coal, which wiU aooa brighCan it op. 
It is the neglect of these amall matters that leads to larger and greater troubles. 

In using ooil tuyeres, the nozzle is bedded in the nose in firvclay. Daring the time the blast is 
on, the nozzle retams its shape and delivers the air well into the fiimace, bat when the blast is 
taken off during the casting, the heat melts the nozzle off about 6 in. from the nose, enlarging it, 
allowing the blast to expand in the end of the tuyere, and diminishing its penetrating power. The 
melted iron, dripping down over the nose of the ooil tuyere, melts the casing off the noM for foor 
coils back; the air then pasbes up between the ooHs, which further diapecses the blast and de- 
stroys its penetrating power. When the blast escapes through the coil, it starts more meltiDjg 
above it, which ultimately leads to the cutting of the tuyere. When the blast is thus dispened, it 
Clin not penetrate, but it creates an intense local heat in front of the tuyere which destroys the brick- 
work of the breasts. With the double jacket tuyeres the air is delivered solid into the fomace* 
and dispersion is avoided. If a scale or clinker forms over the nose of one or more of the tuyeres, no 
blast can psiss them into the furnace ; then more intense combustion takes place before the others, 
and soon the furnace works on one side. This is more apt to occur with large hearths, hence the 
necessity of extra vigilauoe with them. Large hearths greatly influence production. With ptopalj 
proportioned blowing engines and hot-blast stoves, the hearth determines the prodootion of iroa 
more than the diameter of bosh does. 

To show tliat large nozzles are not required, take a blowing engine giving 10,000 oabio ft. a 
minute into the open air. This air will pass through an opening of 19 sq. in., which is equal to 
one 5-in. nozzle. More than thi-t must, liowever, be allowed iu the furnace. Using anthncite and 
10,000 ft a minute, the.oombined area of the nozides should not be less than 70 sq. in. On coke this 
should be more. 

The points to be attained are a large hearth with tuyeres kept back, the force of the blast being 
depended on for its penetrating to tlie centre, aided by choking down on the nozzles slightly. 
The action of the blast bums the coal or coke from the front of the tuyere, keeps an opening 
into the interior, and prevents the formation of a core. Tuyeres should tie set 5 ft from heartli 
to centre as a minimum ; the bottom should be drained well for high tuyeres. The oinder-notch 
should be not less than 16 in. lower. This keeps the tuyeres free from cinder, bright and clean, 
and there is less liability of getting iron to them if tlie iron notch is hard, and casting is delayed 
tliereby. Low tuyeres blow into the uinders and chill them ; high tuyeres blow into good dean coal» 
and keep up the heat of the hearth. When a tuyere burns oS, the water enters the nearth, absocbi 
heat, and lowers the grade of iron. 

A cause of destruction to to veres, which is readily capable of explanation, arises when tliA 
materials in the furnace are so dense as to prevent the blast ascending freely, causing reedntanoe 
round the tuyeres, destroying the stopping, and leaving the greater (»art of the tnyere naked and 
exposed to heat, as indicated by the dotted line at A in Fig. 1568, which under such circam- 
stances is unusually intense round the tuyeres. A close tuyere, fed in tlie usual numner, when 
exposed to excessive heat, will sometimes refuse its full supply of water, either from the generatioa 
of steam in the tuyere, or from some other cause, and this may cause the tuyere to burn, and thoa 
alluw the escape of water into the furnace. 

Slips of material after a furnace has been hanging will sometimes destrov or blind every tuyere in 
a furnace, by the fall of solid material on them or in front of them. Accidents to tuyeres &om this 
cause have not unfreauently occasioned severe explosions. Another cause of injury to tuyeres, and of 
grf at danger where cluse tuyeres are used, arises from the slag, or in some cases the molten met^ 
rising up to the tuyere level. This may happen from neglect of the workman to open his furnace 
in time, or from having a hard tap so as to delay the running of the molten metal at casting time. 
In all cases, it is when damage to close water tuyeres has been occasioned by the rising of metal or 
slag to the tuyere level, that.the greatest danger from the escape of any wutcr into the furnace is to 
be feared. 

The leakage from a very small hole in a ooil or close water tuyere, from whatever cause it arises^ 
will in must cases be evaporated by the heat of the furnace, and cause no further damage than a 
trifling loss of heat; but the same action that causes a small defect will very often increase the 
aperture before any leidcage can be detected, and when leakage occurs from the lower side of a 
tuyere, it is not imfrequently difficult to dt^tect by examining the blabt opening in the usual 
manner. 

A bimple arrangement has been introduced by Thomson of Buabon for the purpose of de- 
tecting leaJcage when It occurs from any close tuyere. It consists of a wat».r balance, which, so 
long us the same amount of watt r flows from the tuyere as is supplied to it, is kept in equilibrium; but 
the moment any leakage occurs, the equilibrium is disturbed, and by this means a whistle or alarm 
is sounded. This arrangement is sahl to answer well, and to give warning when a very slight 
amount of leakage occurs. The warning, however, even if promptly acted upon, would not in all 
cases prevent danger, as in the case of the destruction of a tuyere from a sudden slip in the 
furnace. 

In T. Wrightson's Bbst-fumace waggon drop, Figs. 1573 to 1576, water is the controlling agent 
The cylinder A is of the same length uf btroke as the fall of the cage, and may be 10 or 12 in. in 
diameter. The cage B is attached to the piston C by means of a long piston rod D, working 
through a stuffing box at the bottf)m of the cylinder. At the top of the cylinder is a small supply 
tank £, Fig. 1573, fitted with a self-acting ball-cock, to keep it always supplied from the nearest 
water main. A small adjustable hole in the cover communicates with the inside of the cylinder 
to ensure that it is always full of water, and another small hole O, Fig. 1576, in the piston allows 
any air which may accomulute under the piston to pass to the upper piart of the cylinder, where it 
escapes into the tank bv the hole in the cover. 

A pipe H connects the top aith the bottom of tlie cylinder, through an ordinary water-cook J, 
which is controlled by a weign-bar and lever. A catch lever K is placed alongside the valve lever. 



■1 



Md BeiTW to look Lhe cage as it comeH to the top of iti stroke. This holdi the cage while the 
waggon lauB on. When the cage with the waggon on ia required to descend, the oatch-rod it 
liberated, and then the valve handle b lifted. By the opening of this valve J the waWr p 




from the bottom to the top of the piston, thns controlling the desi'ent of the rage to any speed the 
attendant may choose, when thecRge is at the bnttom.a Bcirflcting stop is removed bv the action 
of the cage bniehing the ground, which allows the waggon to mn off at the lower level. The cage 
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being then lighter than the connter- weights L is drawn np again, the water in the cylinder during 
the ascent returning from the top to the bottom of the piston. When the cage arrives at the top of 
its stroke it locks itself, and is then ready fur another waggon to be run on. 

The bulk of the water passes and re-passes through the cock J, but on account of the area of 
the piston being less by the area of the piston rod on the lower side than the upper, the water at 
the top, displaced as the piston rises, cannot find room nt the lower 
side of the piston, and will therefore find relit f, by a portion equivalent 
to the cubical contents of the piston rod, passing through the small hole 
in the cylinder cover into the supply tiink. In the same way when the 
piston again descends, there would be an equal deficiency in the water 
passing from the bottom to the top side of the piston ; this is compen- 
sated by the same amount of water re-passing through the hole in the 
cover. By this means the cylinder is always ki'pt full of water, which is 
essential to tlie successful working of the apparatus. The same wat(T 
is used over and over again, and the IxiU valve in the tank is merely to 
supply any loss from evaporation or leakage. The small pipe O encircling 
the cylinder, Fig. 1576, is for the admission of steam in frosty weather 
to prevent the freezing of the water. This comes from the nearest steam 
or exhaust pipe, and after coiling a few times round the lower part of the 
cylinder, passes up to the top tank alongside of the connecting pipe. 

As regnrds the supply of homogeneous iron, and the degree uf homo- 
geneity to be expected in iron produced by various systems of puddling 
and subsequent working, Henry Kirk, Workington, read an important 
paper on this subject before tiie Institute of Mechanical Engineers, in 
1877, and to this we are largely indebted in the following pages. 

Kirk first remarks that the word puddling was originally restricted 
to the working of refined iron, which never became thoroughly liquid, 
but was in a puddle or pasty state throughout ; and when uni-etined 
pig began to be worked, and was found to melt thin and boil up freely 
from the rapid escape of carbon, the process wais termed '* boiling." But 
as (he puddled iron was better than the boiled, there was the temptation 
to sink the word boiling altogether, and tliis has been done so completely, 
that now, when we want to speak of the old puddling process, which 
is still carried on at all the best Yorkshire works, and at many others 
where the very highest quality of iron is made, it requires a lengthy 
description to convey the intende<l meaning. 

Tiie term homogeneous seems to have been first applied to iron about 
twenty yt ars ago, and it meant a comparatively pure iron manufactured 
'by melting, too low in carbon to be called steel, in fact presenting none 
of its characteristics. But within thu last ten years makers of homo- 
geneous iron have appropriated the tenn steel, steel being something 
better than iron ; and now there appears in some Quarters a disposition to adapt the word homo- 
geneous to iron produced by puddling, whereas pudaled iron is not, and perhaps cannot be made, 
truly homogeneous. It is highly probable that the use of the term steel has very much hindered 
the employment of true homogeneous iron in works of construction, for which it appears to be 
eminently fitted, by creating false impress»ions as to its hardness and the expense of working it, and 
it is a question whether the appropriation of the term homogeneous will help iron manufacturers 
nearly so much as tlie closest approximation to its most valuable properties which it is iu their 
power to make. But here arises a difficulty : the finely crystalline appearance of such iron, when 
cut round with a chisel and broken suddenly off, finas little favour with engineers, while the 
fact of its being reinarkably strong in its hot as well as in its cold state, and requiring a good 
deal of fire to heat and muscular force to work, excites prejudice on the part of those who have 
to expend their labour upon it. 

Homogeneous iron is considered here as iron of the same kind or nature throughout, and consisting 
of similar parts ; thus iron may be homogeneous and yet contain all the elements usually associated 
with it, such as carbon, silicon, sulphur, phosphorus, and manganese ; but iron containing cinder 
cannot be truly homogeneous, because the nature of cinder is altogether different from that of iron, 
and in fact cinder does not combine with it at all, but only remains diffused throughout the mass. 
Iron produced by melting and casting into solid ingots, carefully heated and well worked, may 
properly be called liomogeneous. Such iron has no right to the term steel when the carbon is not 
above 0*80 per cent., which is an amount sometimes exceeded in the very best brands of wrought 
iron; for instance, an analysis of Swedish iron is given by Percy with 0*386 per cent, of carton, 
and one of Busaian with 0*34 per cent. 

Homogeneous iron, or mild steel as it is now called, is remarkable, as compared with puddled 
iron, for its high degree of strength and ductility combined. This is well exemplified in the 
samples of mild steel and iron hoops of which tests are given in Table I. The pieces were about 
6 ft. length each, and the testing machine was one specially constructed for ascertaining the tensile 
strain and ductility of telegraph wire. Considered superficially the steel appears twice as good as 
the iron, taking strength with ductility ; but when it is considered that to obtain the comparative 
value for work, say by Mallefs coefiScient, half the breaking weight has to be multiplied by the 
elongation a foot, it will be seen that the steel has about 4 times the value of the iron. This, 
however, does not exhibit the whole of the difference between the two. By the same rule of 
calculation. No. 16, the lowest of the steel, gives nearly 12 times as high a value as No. 4, the 
lowest of the iron ; while the ratio of difference between the lowest and the highest steel is aa 
I to 1*62, and thu ratio of difference between the lowest and the highest iron is as 1 to 9*06, 
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showing that the Tariation between the diflerent aamplee is 5) timee as mnoh in the iron as in the 
homogeneous metaL 

No doubt this is an extreme case, but it is selected as well adapted to show the full value of 
homogeneity, which would be perfect in the steel« from its having been worked down to so small a 
siae^ but more imperfect than usual in the iron, for reasons which will be given in the last division. 
As ingot iron is made larger in size, it is leas and less uniform, because or internal crystallization, 
aocompanied often with air bubbles. On the other hand, as wrought iron is made larger in size, 
a greater degree of uniformity can be obtained, as is done in the manufaoture of armour plates, by 
building up from numerous small pieces. 

Tablb I.— Tests of Hoop Ibon assd Btkkl. 
Hoops 1 in. X 18 w.g. 



Stkmu 


Ixov. 


No. 


Breaking Weight 


EkmgaUon. 


No. 


Breaking Weight. 


Elongation. 




lbs. 


per cent 




Ibe. 


percent 


1 


4360 


11 


•50 


1 


2660 


9 


00 


2 


3800 


13 


25 


2 


2420 


4 


50 


3 


4275 


13 


00 


3 


2525 


9 


25 


4 


4100 


13 


•50 


4 


2400 


1 


25 


5 


4100 


11 


•00 


5 


2480 


4 


•00 


6 


4200 


9 


•50 


6 


2000 


3 


•00 


7 


3700 


12 


•00 


7 


2300 


2 


•50 


8 


4445 


10 


50 


8 


2000 


4 


00 


9 


3680 


14 


•25 


9 


2490 


9 


•25 


10 


4430 


8 


75 


10 


2300 


3 


50 


11 


3800 


15 


00 


11 


2790 


9 


75 


12 


4300 


10 


'50 


12 


2200 


2 


•00 


13 


4000 


11 


•75 


13 


2400 


7 


50 


14 


4750 


12 


25 


14 


2210 


3 


•00 


15 


4200 


13- 


•00 


15 


2870 


8 


•00 


16 


3700 


9 


50 


16 


2400 


3 


•25 


17 


3720 


14 


•75 


17 


2650 


3 


50 


18 


3815 


15 


00 


18 


2500 


. 9 


■75 


19 


3770 


10 


25 


19 


2400 


1 


•50 


20 


3700 


12-50 ' 


20 


2375 


4-50 


Average 


4042 


12 08 


Average 


2388 

• 


515 



It is not tlie intention here to deal with plates nor with hammered iron, nor specially with 
angles or rails, because the experiments now first made public were conducted entirely upon rolled 
bars. As the manufacture of iron from ingots has undergone great changes, it is obviously unfair 
to give examples from old sources, and the only available modem data suitable for the comparison 
are given in kirkaldy's experiments on Fagerdta steel in 1873, Series G3, representing the presence 
of 0*15 of carbon, from which is extracted Table II. The lowest breaking strain is 28-6 tons 
per sq. in., and the highest 27-1 tons ; the least degree of contraction of area at the point of 
fracture is 31 * 4 per cent, and the greatest 72 per cent. ; the least degree of extension, over a length 
of 10 in., is 20*2 per cent., and the greatest 31 -1 per cent. Numerous samples of wrought iron of 
higher breaking strain, and some few with an equal contraction of area and the same degree of 
ultimate extension, can be found, but probably not of all the three combined, when a sufficient 
amount of work has been expended upon the steel to make it truly homogeneous, as in the first 
two or three tests given in the table. 

Table II.— Tests of Fagebsta Steel Bars, by D. Kibkaldy, 1873. 



SbeofBan. 


Specimens turned to 


Ultimate Btrees 

a gq. in. 
of Original Area. 


Contraction 

of Area 
atFhictnra. 


UltJmata 
Extenalon. 


Appearance of 
FhMfeare. 


Length 10". 


Diam. 


Area. 


inch. 

i square 

1 do. 
li da 

2 do. 
^ do. 

3 do. 


in. 
0-357 
0-619 
1009 
1-382 
1-694 
1-994 


■q. In. 
0-100 
300 
0-800 
1*500 
2-250 
3000 


Ibe. 
60,780 
54,560 
57,960 
57,453 
57,345 
52,962 


tons. 
27-1 
24-4 
25-9 
25-6 
25-6 
23-6 


peroent 
72-0 
69-7 
560 
51-8 
31-4 
57-8 


peroent 
22-2 
27-8 
27-3 
28-6 
20-2 
31-1 


All Silky 

do. 

do. 

95 per cent. Rilky 

All Granular 

AUSUky 




1 
Average 


56,843 


25-4 


56-45 


26-2 





Puddling may be shortly described as a process for the oonversion of oast iron, containing from 
3 to 10 per cent, of impurities, into vraought iron, containing, in its first stage as pnddled iron. 
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from i io S p&t oent. Oxygen is the almost nniyersal agent employed for this purpose, and is 
obtained principally from oxide of iron in various forms, technically termed fettling. The fnrmoe 
in which the operation is performed may be considered as consisting of four parts — the grate, the 
hearth, the flue, and the chimney; but frequently one chimney serves for a number of furnaces. 
The grate need not be further noticed, except to state ihat where iron of superior quality, and 
requiring to be kept very clean, is produced, it is fixed lower than usual, to prevent coal or ash 
from passing over to the hearth. The hearth of a puddling, or more correctly speaking, boiling 
furnace, is made of cast-iron plates, which are kept oool by various means to prevent them from 
melting with the intense heat, and are also covered with oxide of iron or fettling, which is renewed 
from time to time as required. Usually a heat of ^ cwt long weight, or 540 lb., is ohaiged along 
with some cinder from t lie hammer or rolls. As soon as the iron begins to melt, it comes in contact 
with the fettling and cinder in a solid or liquid condition. Chemical action between the two is imme- 
diately set up, so that the first melted iron has a greater chance of purification than that melted at a 
later stage. All round the sides of the hearth the fettling rises some inches above the floor, and as the 
tools are worked backwani and forward and from side to side the melted iron is washed up against 
it, and therefore the outer portions of the iron are exposed to more fettling than the rest, and begin 
to thicken first The puddler scrapes the thick iron into the middle and mixes it thoroughly among 
the other. The thickening is helped on by the dosing of the damper, which is generally done as 
soon as the iron is properly melted ; and when the iron and cinder are well mixed together, the 
boil generally commences and the damper is raised. As the boil proceeds, the most advanced 
portions sink to the bottom, and are brought up again and blended with the rest by the puddler*s 
tools. After the melting, mixing, and boilins;, comes the dropping as it is called, when the ebulli- 
tion gradually subsides, till the whole mass lies upon the fioor of the hearth in a pasty state. The 
floor of the hearth is much colder than the upper portion, all the heat being derived from above, so 
that the action of the fire comes very unequally upon the iron, which is worked up by the puddler, 
and turned over and broken into small pieces to allow the flame to play upon all parts as unifomdy 
as may be, the damper being lowered at the same time ; but as the took are onlv very small in 
proportion to the quantity of iron, and the puddler's strength and activity limited, it is easy to see 
that at best the working of the iron is only imperfect. Next comes the balling, or making into 
lumps suitable for the hammer, which is done as expeditiously as possible, putting together the 
most advanced portions first But even here, perfection in hitting the right moment with the 
whole of the iron in the furnace is scarcely attainable ; so that there are at every stage causes 
making against homogeneity, which it requires all the^ost efforts of the workmen to keep in 
check. These causes are increased sometimes by the furnace working with the flue slanting upwards 
directly into a firebrick chimney, the brickwork of which gradually melts away, and theoretically 
should come into the furnace, heat by heat, in which case little harm would be done; but in 
prsotice the puddler keeps it back by the fettling, and now and again it runs into the furnace all 
at once, and in many esses spoils a heat. Frequently tlie effect is to produce fibre, by the diffusion 
of a thick cinder throughout the mass, preventing the formation of crystals, but the iron is generally 
weak and red-short When a short flue is carried from the furnace to a boiler, the quantity of 
melted brick is scartsely worth notice. 

Pure iron appeare to be soft and ductile, strength is added to it by the presence of carbon, and 
■peaking generally it may be said that iron is good so far as it is free from all other elements, 
excepting perhaps manganese. But carbon, though a most valuable accompaniment of pure iron, 
seems to be highly injurious in connection with phosphorus and silicon in quantity. These 
elements, whicli along with other forei^ matten impart flulditv to iron, first of all appear to 
reduce the amount or carbon in the pig; such iron comes readily to the boil, and the liquid 
condition being maintained by the presence of the other impurities, the boil may be prolonged to 
a later stage of decarbonization than can be done with better iron : hence it is possible to reduce the 
carbon to a inere trace by well and careful working, and to make the iron soft, fibrous, weMable, 

> that produced 

first-class iron 

lacks strength, is 

not sufficiently pure, and is short of carbon. But when all other elements are reduced to a very slight 
percentage, the carbon is pretty certain to be unusually high, and the iron when broken suddenly 
by a smart blow upon the anvil after cutting through the skin is almost invariably crystalline 
or granular, though really capable of bearing a high tensile strain, contracting very much at 
the point of fracture, and elongating considerably ; when not broken suddenly, the appesrance is 
fibrous, and the fracture under tensile strain is generally all fibrous. Such iron must be good, 
despite its crystals, and as it improves with working, it is better in the manufactured article than 
in the bar ; while iron made fibrous by a mixture of strong cinder, and working comparativelv cold 
in the finishing heat to prevent this cinder escaping, is never equal in point of strength and duc- 
tility to the other, and is very apt, with the least degree of overheating by the smith, to become 
extremely brittle. 

Kirk observed these phenomena foroibly in the course of some experiments undertaken with 
a view to ascertain the properties of several kinds of iron, chiefly from hssmatite ores. The heats 
given were all of full weight, no extra time was spent over them, no extra fettling used, and no 
ad<Utional heat was employed to purify the iron to a greater extent than was likely to be done in 
actual every-day work. The puddled blooms were rolled into ban without reheating, and flnished 
at a second heat, except four of the samples, the results of which are represented in Tables 
V. and VI. 

Table III. gives the tests of four bare of Marron iron of various sizes and shapes, from four 
different puddled bare of one heat The ultimate stress ranges from 24 to 27*3 tons a sq. in. ; the 
contraction of area from 40 to 52*4 per cent. ; the extension, taken over a length of 10 in., from 
22*1 in the smallest size to 24*2 per cent, in the largest There was considerable difference 




IKON. 



809 



between the properties of the first and the last of the fonr, and an analysts of each was taken, the 
first and second of Table VL, the last being highest in carbon, and probably, from the greater total 
percentage of the various elements, lowest in cinder. 

Table III.— Tbbtb of Mabbow Ibon Babs, by B. Kibkaldt, 3bd July, 1876. 



SiMof Ban. 
length 10". 



Origliuil 
Area. 



inch. 

-fff diam. 
V'ffsqnare 

i do. 

I do. 



eq. in. 
0-255 
0*331 
0-570 
0-265 



Ultinuite SfcreM 

a sq. In. 
of Original Area. 



Guntrectfon 

of Area 
at Fraciare. 






Iba. 
61,282 

55,7'.a 
54.894 
53,603 



tons. 
27-3 
24-8 
24-5 
24-0 



per cent. 
40-3 
42 
40 
52 



9 

4 



Strem 

a»q.ln. 

of Fractured 

Area. 



i 



lbs. 

102,809 
97,709 
91,491 

112,738 



Ultimate 
Kxtmaion. 



percent. 
221 
230 
24-2 
22-9 



Appenratioe of 
l*ractare. 



Fibrous 
do. 
do. 
do. 



In Table IV. the firet four samples represent two puddled bars of the ssme heat, M indicating 
middle of bar B end of bar. One piece was taken from the end and the other from the middle of 
each finished bar. The sainplea range from 24*1 to 26-9 tons a sq. in. ultimate stress, from 32*8 

Tablb IV.— Teots of Mabbon Ibon Babs, by D. Kibkaldy, 34th July, 1876. 

Bars 10 in. length. 



Plameter 
of iters. 



Original 
Area. 



inch. 




14 diam. M 


H n 


E 


1 „ 


E 


1 „ 


M 


U « 


M 


H M 


E 



■q. in. 
0-968 

0-785 

0-968 



Ultimate StreM 

a sq. In. 
of Original Area. 



Contraction 

of Area 
at Fracture. 



lbs. 



lbs. 



60,351\,Q 5gi 
58,817r^'^^* 

d4,ZUu 1 R^ 114, 

54,025/'^'*" 

52,747 \ en eg4 

52,38ir^'^^ 



tons. 
26-6 

24-1 

23-5 



percent. 

44-lU... 
45 -4/** 



Stress ft 

Ml. in. of 

Fractured 

Area. 



UlUnukta 
Extenitlon. 



lbs. 
94,786 

101,626 

95,191 



percent. 
2^:j}23.3 



24 
26 
26 



'2)26-1 
25-2P ^ 



Appearance of Fracture. 



Fibrons. 



If 

M 

n 



to 46-7 per cent contraction, and from 22-7 to 26*2 per cent, extension over la in. length. The 
firet of this list presented the unusual feature of being worst welded in the middle of the bar, caused 
by the pile being charged after the rest, and drawn before the heat had permeated throughout. 
When fractured, it exhibited the five pieces of the pile very distinctly, though the end of the bar 
was well welded. An imperfect weld reduces a bar to a series of flat plates, and it is well known 
that plates neither contract at the broken part nor elongate so much as rounds and squares. 

Table V. and the last five items of Table VI. give the results of the most important trial of all, 
because they represent the whole of a puddled heat both in tests and analyses. The sizes of iron 
are all the same, which is better for comparison %ith each other. The breaking strain is from 23 

Tablb V.— Tests of Mabbok Ibon Babs, bt D. Kibkaldy, 31st August, 1876. 

Bars 10 in. length. 



nescHption 
of iron. 


Original 
Area. 


Ultimate Stress 

a M). In. 
of Original Area. 


Contraction 

of Area 
at Fracture. 


Stress a 

sq. in. of Ultimate 
Fractured Uxtenaion. 
Area. 


Appearanoe of Fracture. 






sq. in. lbs. lbs. ' tons. 


percent. 


lbs. per cent. 




w.s. 


M 


0-442 56.515) 


42-3| 


24-1 
94,501 22-6 23-3 


Tibrous 




M 


„ 


56,470 55,803 249 


40-2 40-9 


»f 


f% 


£ 


„ 


54,423 






40-2 




23-1] 




»* 


W.T.W. 


M 


„ 1 55,791 1 






46-1 




24-1 




»» 


«« 


M 


n 


55,723 55,689 24-8 


46-lUl-3 


94,916 23-8; 


23-0 


» 




E 


M 


55,554 




31-6 




21-1 




f% 


W.5 


M 




55,780 
55,361 55,048 




42-3 




23-9 




'do., 5 p. c. crystalline 


«« 


E 


„ 


24-6 


40-2U1-6 


94,308 


20-1 


22-1 


Fibrous 


ff 


M 


n 


54,004 






42-3 




22-3 




ft 


W.R.5 


M 


•• 


55,226 






46- 1 




24-8 




»» 


M 


E 


n 


55,181 


54,747 24-5 


38-2 40-8 


92,595 


22-6 


23-2 


do., peculiar 




M 


f% 


53,834 






38-2 




22-3 




«..'• 


W.R.3 


M 


f% 


52,138 






500 




25-9 




Fibrous 




M 


ft 


51,961 


51,728 


23-1 


500 50-0 


103,457 


26-0}25-8 
25-5) 


n 




E 


w 


51,085) 




60-0) 




9f 
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Tablb VI.— Akaltbib of Mabbon Bab Ibok, G. F. Downab. 



Size of B&n. 


DescriptioD. 


Im. 


Carbon. 


SUioon. 
per cent. 


Salphur. 


PboaphoruB. 


Manganese. 


Total. 


inch. 




peronit 


percent. 


percent 


percent. 


per cent 


percent 


-^g diam. 


• • 


99-533 


0-lt)5 


0067 


0011 


0-075 


Trace 


99-851 


i square 


• • 


99-530 


0-190 


074 


0-010 


0-091 


99 


99-895 


1 diam. 


• • 


99-533 


0-170 


0-047 


0-011 


045 


ft 


99-806 


t II 


W.8. 


99-498 


0-120 


0-116 


0-015 


0-091 


)t 


99-840 


« »t 


W.T.W. 


99-326 


0-150 


128 


0-012 


0-132 


>f 


99-748 


i » 


•W.5 


99-500 


0115 


0-149 


0-011 


0-161 


99 


99-936 


i » 


W.B,5 


99-498 


0-090 


0-163 


0-022 


0-182 


»» 


99-955 


i n 


W.E.3 


99-704 


0-180 


0-019 


0-014 


0-074 


» 


99-991 



to 25 toDB a Bq. in. ; the contraction from 31-6 to 50 per cent ; the extension, over 10 in. length, 
firom 20*1 to 26 per cent. An effort was made in this heat to get the carbon lower than before, 
and it gave an average of carbon 0-131 percent., against an average of 0-175 per cent, in Tables III. 
and lY. ; bat the sum of the phoephoms and silicon had risen from 0*133 to 0'243 per cent., and 
it will bo seen that in Table YI. itself aa the carbon falls the phosphorus and silicon increase. 
Thus- 



Carbon. 
W.R.3 contained 0*180 percent. 
W.T.W. „ 0-150 
W.5 n 0115 

W.R.5 „ 0*090 



99 



9* 



Phoapborus and Silicon. 
093 percent. 
0*260 
0-310 
0-345 



»» 



)» 



n 



W.S. IB here omitted, because it was treated in an entirely different manner from the rest, bj 
wiiich the cinder was better extruded, and it is not therefore eligible for comparison, because some 
of the phosphorus and silicon appearing in the analysis of iron properly belongs to the cinder 
remaining in it. 

There is a probability that these oscillations of carbon on the one hand and phosphorus and 
Bilicon on the other are not aocidental, but are really cause and effect. A considerable amount of 
carbon often remains in tlie puddled iron after it has reached a spongy condition, and the cavities 
of it are filled with cinder, which generally contains a good deal of phosphoric acid and Bilica, It 
is likely that some of the oxygen for the removal of the carbon is obtained from this cinder, and 
that it setd free iron, phosphorus, and silicon, which are added to the puddled ball. Colouring 
is lent to this supposition by the behaviour of puddled iron at the hammer, by the effect of a 
puddled heat waiting in the furnace after it is made into balls, and by the composition of puddled- 
ball cinder, l^requently a slight flame is observed from a puddled ball, and when tiie hammer 
drops upon it, and the cinder is thereby brought into closer contact with the iroil, it is immediately 
covered with the flumes of carbonic oxide. Wiien the puddled balls remain too long in the furnace, 
the quality of the iron h greatly impaired ; though the causes of this do not appear to have been 
investigated, it is a well-known fact. It may be that occluded gases have something to do with it, 
as well as the cause just referred to. Oindcr expelled from puddled balls is invariably poorer in 
iron and richer in silicon and phosphorus tlian the cinder left in the furnace at the time the balls 
are withdrawn. 

Without attempting to trace any very close connection between the meclianical properties and 
the chemical composition of the different samples given in Tables III. to YI., which were of iron 
chiefly made from Moss Bay hiematite, attention may be very properly drawn to one fact which 
oomes out with remarkable clearness. It has frequently been contended in making tests that the 
true value of any iron is siiown by the amount of stress at the fractured area, and there can be no 
doubt that this shows its real strength. It will be found throughout that as the carbon increases 
so does the stress a sq. in. at the fractured area. Thus — 



Oarbon. 




0090 


percent. 


0115 


9) 


0-120 


»» 


0-150 


t| 


0-165 


fl 


170 


»» 


0-180 


V 


0-190 


f> 



fitreas at Fractured Area. 


Original Area. 


92,595 lb. 


a sq. 


in. 


0-442 sq. in. 


94,308 


»» 




0-442 „ 


94,501 


9> 




0-442 „ 


94,916 


>9 




0-442 „ 


102,809 


» 




0-255 „ 


101,626 


fl 




0-785 „ 


103,457 


f» 




0-442 „ 


112,738 


f» 




0-265 „ 



The apparent exception in the case of 0* 170 per cent, is due to the area being three times as great 
as in * 165, and therefore having a much less amount of work put upon it, and the immense increoBe 
of strength from 0' 180 to 0-190 is mainly accounted for by the extra work pat upon the latter. 

It has been stated previously that a mixture of iron and cinder is not compatible with homo- 
geneity. The great capacity for heat possessed by iron of unusual purity gives oetter facilities for 
expelling the cinder, besides which it does not stick in Buch iron so pertinaciously as in that of 

lower quality. 

Of the analyses presented in Table YII., which are of ordinary qualities of bar iron, the first, 
second, and fourth represent a description of iron very much in favour for years past, soft in its hot 
OB well as iu its cold state, easy to weld and fibrous. The third was Bimilar, but not entirely 
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fibrous ; it has been added jobt to show the inflaenoe of carbon along with ailioon and phoephorus 
in quantity. It will be seen that all the four are much lower in metallic iron than the previous 
Bamplea, and thut the total percentages are also lower. Ordinary chemical analyses do not 
distinguish between iron and its oxide^it is all given as iron, whereas there may be ^ per cent, or 
more existing in oombination with oxygen ; and the weight of oxygen not being' given, thia causes 
the total percentage to fall short in the more iaipive article. 

Table YIL— Analysis of Bab Ibon. 
( Ordinary qualities.} 



Size of Bars. 



Description. 



Iron. 



Inch. I 

Jdiam.* K.D.W. «£ 



l}x| t K.B.W.^Best 



ppr cent. 
98-625 
98 983 
99-064 
99-115 



Carbon. 



Silicon. Sulphur. I Phosphorus. Mangtmcfle, 



percent 
Trace 

0'075 
Trace 



per cent 
0-258 
174 
0-224 
170 



per cent 
052 
038 
035 
028 









I 



per cent. 
0-321 
0-289 
0-310 
0-200 



percent. 
Trace 

0-140 



ToUI. 



per cent. 
99-256 
99-484 
99*708 
99-653 



From what has already been advanced, the true means of ensuring such a degree of homogeneity 
as is possible by puddling appear to lie in the production of iron as pure as may be with its 
attendant carbon ; and it is believed that if iron were puddled with a view to the best possible 
qnality and the greatest degree of homogeneity without any regard to the presence or absence of 
fibre, the carbon would run still higher than in Table VI., and that tlie iron would be more 
Tainable in every way if its properties were appreciated and its pecularities understood If it be 
true, as it appears to be from the foregoing observations, that the most valuable iron is that which is 
purest, along with sufficient carbon to impart strength, it is obviously bad policv to replace carbon 
by phosphorus and silicon, even though that replacement should be accompanied by the substitution 
of fibre in a nicked and suddenly broken sample for fine crystal or grain. 

Mechanical rabbles are now worked only to double furnaces, having two doors opposite each 
other, a nibble being placed to work through the stopper-hole of each ; but these lumaces, as 
usually constructed, are objectionable in several respects. In the single fumaoo, the roof is made 
highest over the door, to counteract the effect of the air drawing in at the working hole and at the 
crevices about the door and door-frame, which contrivance brings the flame tolerably well to tiie 
front ; but the double furnaces nre highest in the middle, and the flame is not therefore so well 
equalized. The depth of the hearth below the fore-plate upon which the door rests, and which 
serves as a support for the puddler's tools and as a fulcrum whenever leverage is required, is 
generally greater than in a hand furnace, in order to prevent iron and cinder being rakc<l out by 
the motion of the rabbles ; this causes the workman extra labour when he is obliged to work with- 
out the mschine, which is a longer period than the machining, so that there is a per-contra to the 
saving of labour by the machine. The double furnaces, having no back walls, have of course 
much less brickwork and fettling in proportion to the charge of iron than single fnmaoes, the 
results of which are saving of fuel and of fettling ; but the furnaces, having a smaller reservoir of 
heat in the absence of the backwalls, work more slowly and do not regnin their full temperature so 
soon after having been cooled down for any purpose, such as cleaning the grate or lowering the 
damper to bring on the boil. This is a great drawback in working iron that requires a good deal 
of dampcring and the heat restoring rapidly after the damper is raised. The saving of fettling 
when there are few of such furnaces, in what may be termed the experimental stage, among a 
number of the ordinary kind, is often made up by a free use of mill scale, and by the oxidizing of 
a larger quantity of scrap to keep the bottom good. When not so made up, a better mixture of 
iron must be roborted to, or more wa^te of iron will .bo incurred, or else worse iron will be made, 
that is, of course, always supposing that the mixture of iron and the quantity and kind of fettling 
are properly adapted and adjusted to each other in the single furnaces. Double furnaces sometimes 
work hotter on one side than on the other, which is vexatious, for the damper occasionally wants 
lowering to suit the c<mdition of the iron on one side, a|^ keeping up to suit it on the other side, 
but as the same damper generally acts for both this cannot be done. It also happens now and then 
that the wind blows in strongly at one stopper-hole and drives the flame out of the other, to the 
annoyance and inconvenience of the workmen. There is not apparently anything about the system 
of meolianioal rabbling generally to give grounds for expecting a greater degree of homogeneity 
in iron made by this than by the ordinary methods, though double furnaces unquestionably save 
fuel. 

The Gosson-Dormoy furnace, with Casson's gas-produoer, has a grate much wider than the 
hearth, which is circular, and the furnace appears to keep pretty well filled with flame. 

The Maudslay or Pernot furnace, the floor of which is upon an inclined plane, and which 
rotates in this position, is an advance upon the foregoing, because it exposes the iron alternately to 
the action of the cinder when it comes to the lowest part and then to the flame of the furnace 
without the covering of cinder; but there is still the disadvantage of the colder bottom, and of 
turning over and balling by manual labour. 

The Pernot furnace, Figs. 1577, 1578, consists of a fixed fireplace, roof, and flue, together with 
a movable furnace bed and its support. The fireplace is of the ordinary form, and is provided with 
a charging door on each side of the furnace, with four small orifices, closed by oast-iron doors, serv- 
ing for the introduction of an iron rod for the purpose of Stirling the fire ; the ash-pit is closed by 
doors of sheet iron, and a current of air from a fan is admitted btneath the grate by a valve. When 
the grate is su£Bciently furnished with coal, it acts to a considerable extent like a gas generator, 



812 lEON. 

and fllU tlie fbnisM with redacing Same. The dmne la airanlw, the brickwotk resting upon ftn 
iron rinfc cast in asgmeDta ; this riog is iuolined downvwds tovards the (nmt of the furnace, and is 
on a level with the fire-brid|];e, which is also inclined. Both doors are in the front of tlie furnace 
or in the portion ooriespondiDf; with the luwest part of the revolving bed, the door next lo the 
Aoe being conndenbly larger than that adjacent to the flre-bridge. The flae is placed opposite to 



llie fire-ridge, npon the same levol. and having the same inclination. It lends either into a 
chimney or into a regenerative chamber. The whole nf the fixed etnictnra is atrong^ly braced, and 
beneath it Is a rectangnlai covity into which the movable bed with iU 8apporting_ carriage mav be 
introdnoed. The revolving t>ed conaista of a circnlar trough, of vrhich tlie bottom is a plate of sheet 
iron, the sides being formed of an iron ting ca«t in Begments, and ^teoed to the bottom by bolts so 
placed as to be aoceesible withont disturbing the lining or fettling. The tipper portion of the caat- 
iron ring forming the sidea of the bed is strengthened by a looond, also cast id Begmeota and bolted 
together. 

Beneath the iron plate forming the bottom of the bed is fixed the nechaniBm which permits of 
its rotation on an inclined axis. This oonsisti of a slightly conical toothed wheel, cast in segments. 
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and fixed by bolts In the periphery of the bed nn its under tide. Wthio this wheel n csBting ia 
fixed in the form of a nross, earh arm of which bears a conical wheel destined lo run npon a 
onnical road on the carriage. The centre of the cross is fitted with a bearing which works npnn a 
shaft inclined at an angle of abont ff' oi 1° troa the vertical. The carriage mna on a pair of 
rails laid In the cavity beneath the fomaoe, and can be readily withdrawn when repnin are 
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The bed is moved by a toothed mnion attached to the carriage and gearing with the conical 
toothed wheel on the under side of ine bed. The pinion, bj means of a coupling similar to that 
used for joining the rolls of a train, obtains its motion from an engine of from 2 to 3 H.P. This 
coupling serves for disconnecting the shafts previous to the withdrawal of the rotating bed. The 
latter is formed of small fragments of ** Mokta,** together with hammer-scale and slags from shin« 
giing, the surface of which fuses, and forms a glaze that cements the mass. The Interior of the 
furnace is kept fall of reducing gases, and the current of air is so regulated that flame issues 
from the joint between the movable bottom and the fixed part of the apparatus, which it is found 
impossible to keep entirely tight The furnace bottom is kept cool by a continaous jet of water 
-playing against it. 

The avei-ago rate of rotation, whether for the manufacture of iron or of steel, is about three 
revolutions a minute. 

The method of working this furnace differs considerably, according to the description of pig iron 
to be converted. For ordinary oast iron the following system is observed ;— As soon as one charge 
has been withdrawn and shingled and the grate cleared, the temperature falls considerably, and the 
sla^ remaining on the hearth oecomes pasty. The workman sets the hearth in motion, and with a 
suitable tool spreads the slag against the sides and towards the centre of the bed in a symmetrical 
manner ; the flie is now urged, and as soon as the desired heat has been attained, the requisite 
quantity of hammer-scale and slag is added, and finally the oast iron. When the foaion is com- 
plete, the charge has a tendency to rise, owing to the rotation of the hearth, and is constantly roll- 
ing bftck into the lowest portion of the bed. Since, however, the rate of rotation never exceeds three 
revolutions a minute, this movement is insufficient for the proper stirring of the charge. The 
puddler therefore asai&ts the stirring bv placing his tool against the side of the working door, and 
allowing the end to rest on the hearth. In this way every part of the charae is brought into 
contact with the stirrer, and the laborious work of ordinary puddling is dispensed with. 

Vi hen the iron commences to come to nature, the stirrer is wiUidrawn, and a tool with a flat- 
tened end is introduced and held against the side of the door, with the flat portion resting in the 
molten charge. This serves to prevent the collection of the minute particles of iron cm the bottom 
of the furnace as soon as formed. When ti>e ferruginous mass has attained a certain consistency it 
no longer &lls back into the lower part of the hearth, but is carried around with it, and is thus at 
each revolution plunged into a bath of molten slag. As soon as the ball is formed the furnace ia 
stopped, and the large mass is divided into a number of smaller ones, which are taken one by one to 
the shingling machine. The labour required for a famaoe of this description consists of two 
puddlert», two assibtants, a fireman, and a boy to look after the engine. Tne only labour of an 
exct^sively fatiguing description is that necessary for the separation of baUs from the larger mass. 

The average production of rou^h iron a day of twelve hours is 7691 lb. ; the labour necessary for 
the manufacture of 1 ton of iron being : puddler, * 57 day, and fireman and engineer, * 28 day. The 
loss of iron is small, and the consumption of coal amounts to 2332 lb. a ton of iron prodaoed. The 
iron ia of butter quality than that produced in the ordinary furnace, the production of rough iron 
in which is given as ; —Average make in twelve hours, 2370 lb. ; Ltbour a ton, 0*93 day puddler ; 
loss of iron, 7 per cent., and consumption of fuel 3329 lb. a ton of iron made. 

The form of furnace revolving on a horizontal axis appears to give the greatest promise for the 
futuie, if those who employ it will only study chemical action and work according to it, instead of 
trying to overcome their difficulties by merely mechanical contrivances. When iron is charged cold 
into these furnaces the evils pointed out in the ordinary furnace are intensified, because a greater 
quantity of melted fettling ia present, but the iron ought always to be charged liquid. The 
working of the iron while it remains liquid is far more thorough than in the best of the other 
systems noticed, but when the iron becomes pasty there is no means of opening it out as is done by 
a good puddler, and consequentiy the advantage is to some extent lost in the latter portions of the 
hciit. 

Dunks's furnace does not give much promise of homogeneity, inasmuch as from various causes, 
including imperfect working of the puddled ball, there has Leeu generally a large quantity of very 
thick cinder present, difficmt to expel. 

In Crumpton's puddling furnace. Figs. 1579 to 1582, A is a revolving chamber which is made to 
rotate on a horizontal axis; the speed can be adjusted to any velocity up to 10 revolutions a 
minute ; B B is the refractory lining, and C G the wheels on which the furnace revolves. D is the 
movable flue piece lined with relractory material, capable of being removed when access to the 
furnace is required ; the flue piece rests upon three wheels K, which run on iron rails and have 
screws F on the axles of the wheels for kieping D a>;ainst the furnace. O is an opening through 
which the air and fuel are injicted. H is the pipe through which regulated streams of air flow, and 
which conveys the fuel from the coal reservoir to the furnace through the nozzle I. A ^lan of this 
is sliown enlarged in Fig. 1581 ; and at K are several partitions in the bend of the injection pipe 
f^r the purpobC of preventing the fuel and air separating on passing the bend. L is a double-way 
coc^k for the admisBion and exit of the water at the double casing of the furnace. The water enters 
at L, i^asses into the pipe M, and is delivered at the end N into the casing, circulating through the 
whole casing and making its exit at the end of the pipe O, passing thence to the cock L, and 
leaving it by the pipe P. The water is then conducted oy P to the flue piece entering through a 
flexihle pipe at the lowest point and letiving at the highest point at B. S S are the wearing joints 
of the fuma<'e and flue piece directly in contact with the water casing. T ia the opening for the 
exit of the products of combustion into the chimney, where they may be utilized in producing 
steam or heating 'the air, or both. 

The ooal, which is ground and sifted previously, ia brought into a tank U, Fig. 1582, by a 
creeper. In order that the powdered oral may not clog, stirrers V are used, which serve also to 
bring the coal from the tank to the feed rollers W W. The opening from the tank can be made 
larger or smaller as required by a sliding door X. The distance between the rollers can be adjusted 



mad tlie feed regulated with aooarao; by a leror and eorew Y ; two Bcrapen clear the rollerg. The 
ooal falls through a ahoot Z to the air pipe U, into which it is induced b; the current of air 
traToraing it fram a bla«t roaerroir. 
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homogeneity. Further, wlieo thn coal la suilablc Ibe cinder ia tliianed by tlie ailica boia the ash, 
and the bulk of it can be eaetty dtiten ont of the iron. 

With rotpecl to the Bubsequcnt operaliona, tbo puddle-bnr ayBtom is rpally the outcome of an 
effort to obtain uniformity, tlio causes making ogainst wliioh In puildlirig hnve already been dcslt 
with. PioWbly it wa» thought at Srst timt rolling the puddlul iron into fiat biirs. cutting up. and 
piline would divide the irreguUrities by the number of pieces in the pile, as well aa improTe tlie 
iron by puttiu^ more work unnn it. But it does more thnu thia : any iron not properly worked, 
wben rolled off from the puddled bloom without reheating, to.ira into boles of viirioua sizes, from 
the amolli^Bt spech ufiwarda, by the action of the rolls : and when tlie pile is subjected tu the beat 
of the furnace, these lioled nllow tbe raw placea tn revive a greiiter aiiaru of the heat, and tbcy act 
an rcceptoclea for cinder melting ofTUie iron, both of which tend lo purify it in a high degjei', for it 
muat be remembered that ti>i9 cinder is much superior to that in the puddling furnacea. Anolber 
adrantage is that any badly puddled iron shows crystal in cutting cutil nt the sheara into the 
lengths required for the pile, and can be tliruwn out. Tlie vtry great irri'gularities in tbo sanipl' s 
of hoop iron giren in Table I. may be largely accounted fur by the fact that they Blto roUcil trom 
billets, being too small a size to make out of fiiiea. 

Table V. exhibits five diBerant methods of working. The first upon tlie list, W.B., was worked 
nut of the solid, and though it is tlie highest in brenhing etriiin. and the tbrce samples were all 
from the aame puddled bar, it yetsliows the greatest amount of differoni'c in this respict of any of 
the aamples. W.T.W. was rolled off into puddled bars, piled and rolled again into flut bars, which 
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were ngKin piled koA flnUhed at ■ third heat. It will be seen Ibal it TsriM least of aoj in 
nltinwto •trengtb, from the difl^nt parts being ■□ well blended. W.S w*a rolled rroin five pieoei 
of paddled bar without reheating. jiiKt aa in the ordinarr way,and except In the item o( eloDgSition 
It gives superior regatta to W.B.5, in whioh tlio ouly diSerenoe ia tliat tbe pnddled bloom wai 
reheated before rolling. W.B.3 waa well hammered twice and pileil only three high, ao aa to have 
fewer welds. Taking tbe contiaction of area, which ia 50 per cent., and the eiteiuion 2S'8 per 
cent over 10 in. length, along with the breaking strain of 23-1 lona a »q. in. of original area, 
it U the beat giren in tbe (able : but oa tho analyiiii is also anperior to an; of tbe ri..at, it would 
probalilj be misleading to attribnte its excellence to tbe method of working. 

In tbe reveraiiig roiling milla so largely emplojed in iranworlia, aerioaa BviU arise from tbe 
shock occasioned by the clutches used. To remedy this, lUnubottoni introduoed a syalem of 
reveraing by means of a pair of engines withont a flywheel, whilat many derloes, snch a* those 
shown at pp. 2113 to 21 17 of tbia Dlctionar;, Me in faTOiu. All of these haye, however, greatlf 




fallen short of affording the smonnt of gndual engaging luHiim necessary to prevent shock, whilst 
tlie application of Banuboltom'a ayslem invnlvea a completo alteration of engines and gearing. 

Tlie reversinK gear of J. Head of Hiddleaborough, Fi|^ I.5S3 to 1590, ia specially deviaed for 
the coDvrslon of such exjst.ng reversing geard into thoroughly efScient onea, without any fnnda- 
mental alteration, and without rendering useleaa any of tlie ngy 

existing parts. The plan consista of the introduction of a loooo 
face between each loose wheel and the clutch. These lonse 
(iiceB are bored out to tbe same diameter, and are «irrieil 
upon the same portion of the loose axle as the spur wheels 
with which they are in contact. Cost in them are reccssea 
B corresponding to, and engnglng with, (he claws of tlio sliding 
clutch, instead of those clawa being made to engage with re- 
ct'sscs In, or claws upon, tlie inner fanes of tlie tuosu npur wheels 
themselves. Each loo>ie face ia made in two halves, firmly 
bolted togelher, so thai one or both halves may readily be 
removed and replaced whenever necessary. Cast in the back of 
each half of encb loose face ia a recess, into which is saoured on I 
arm composed of bars of spring steel, and somewhat resem- 
bling one-half of an ordinary bearing spring, such as surmounts 
the axle-box of a. locomotive. The extremity of the spring 
arm is held in a socket A attached to the inside faoo of the 
loose spur wheel with which it is in contact. 

In Figs. IS83 to 1590, Fig. 1586 is a plan of the mill, Fig. 
1590 section of the wheel, Fig. 1583 and Fig. 1S88 a section 
of Fig. 1585. D Is a 12 ft. 2 in. loose wheel, F a 7 ft. G in. 
loose wht-el, ee Iholoose&coa, i the looau axle, c sliding clutch, 
g last and loose crab», p pinions, r roughing rolls, r' fluishing 
rolls, ( the reversing lever. 

In the act of reversing, the clutch is ordinarily thrown to one side or to the other, in order to 
communicate to the shaft, upon which it slides, the motion of either of the loose spur wheels with 
which it EUgaf-es, and whicli, hy^ means of the wbccl'Work behind them, are permanently rotating 
at constant spei-ds in opposite directions. Predsely the same takes place with UeHd'areTeralnggenr, 
Gxc«pt that the loose shaft acquires motion, not dbect from claws, solid with the relating spur 
wheel, iHit only as the force in the rim thereof can be transmitted to it, through tbe two spring 
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armB attached to the loose faoe. These spring arms yield to a certain extent. Jost as the spring 
dxBg-hook of a locomotlTe does, when it snddemy endeavoors to set a heavy train in motion. 

In ordinary reTersing gear, the momentum of the loose spur wheels, the other wheels and shafts 
connected with them, and the heavy fly-wheel upon one of those shafts, all rotating at a considerable 
Telocity, cannot suddenly be cheeked without injury. On the other hand, the loose shaft with the 
dutch upon it, and the rolls, spindles, and boxes, in connection with it, cannot be set into rapid 
motion from a state of rest, and this operation repeated several hundreds of times a day, without 
eventual destruction. By the introduction of the spring arms, Figs. 1583 and 1585, the only dead 
weight which is made suddenly to change its state of motion is the loose face, whose weight is com- 
paratively smAll, and which, being made of cast steel or wrought iron, will wear for a considerable 
length of time. 

The weights which are suddenly set in motion frota a state of rest, in this and ii| an otdinary 

reversing gear, adapted in both cases to a 22-in. plate mill, are — 

In HeiMi's reversing gear — 

toM. cwt qra. lb. 

One loose fiioe weighing 1 10 

In an ordinary reversing gear — 

Looeeaxle 8 

Sliding clutch 1 11 8 

Fast and loose orabs attached to the end of 
the loose axles 1 12 2 



Total .... 6 4 



To be set in motion at each reversing there are, besides the 6 tons — 

Cons, ewt qra. Ih. 

4 spindles 17 

7 boxes 8 1 10 

2 pinions 8 14 18 

8 rolls 13 4 1 

Add as above 6 4 10 



Total .. .. 27 10 2 18 



without taking into account the upper chilled roll which is usually left uncoupled. Although the 
6 tons 4 cwt 1 qr. in contact with tne loose axle, is set into motion suddenly at each reversing, the 
remainder, 21 tons, acquires motion only by a succession of blows, owing to the slackness of fit 
between the coupling boxes and the spindles, and the ends of the rolls. 

In setting in motion so considerable a weight, it is obviously better to do so by a series of blows 
than by a single one ; still, all shocks are mischievous. Bv introducing springs between the fly- 
wheel and the point of ultimate resistance, the minor shocks are mitigated, as well as the initial 
one produced by throwing in the dutch. The proportion of a revolution which the spring will 
Yield, is about one-fortieth. Head regards this as ample. He ascertained by taking numerous 
diagrams that the maximum force exerted in rolling an ordinary plate, amounted to a load of 
17 tons upon the engine piston moving at the rate of 272 feet a minute. This will be found 
equivalent to 7^ tons exerted at the extramities of the two spring arms, or 3{ tons upon each. The 
spring arms at their base are composed of forty-four plates 8^ in. wide and ^ in. thick. The total 
thickness of the layers of [dates amounts to 14 in., and according to the usual formula derived from 
experience with locomotive springs, namely ;— 

- BT»N 

^ = Tr88" 

where 

L = safe load in tons, 

B = breadth of plates in inches, 

T = thickness of plates in sixteenths of an inch, 

8 ss span of spring in inches, 
and 

K = the number of plates at the thidcest part of the spring, 

they are as safe as those springs ordinarily are, even when subjected to the maximnm strain 
which can ever come upon them in rolling. Should, however, the spring arms have failed to 
impart their motion to the sliding dutch and loose axle, after having yieldra as much as they are 
capable o^ as might be the case if a stoppage occurred at the rolls, then certain pojeotions upon 
them come in contact with safety daws, secured, as in Fig. 1588, to the arms of tne loose wheels. 
This plan prevents any danger which might otherwise arise from btesJcage of the spring arms, or 
from these being drawn out of their sockets at their extremities. If the loose faces come in contact 
with the safety daws, as described, they become solidly united to the loose wheels, and in such 
cases the reversing geiar becomes similar to those in common use. In the case of the smaller loose 
wheel, it is necessary to carry out brackets beyond the diameter of the wheel to engage the ends of 
the spring arms in contact with it, in order to obtain a sui&cient length for elasticity, and in order 
to make the same duplicates applicable to either wheel. The spring arms with brackets might, in 
this case, be sometimes found to interfere with the outer carriage of the fly*wbed shaft supporting 
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the middle pinion. If it should be InadmiBsible to work that pinion, the carriage may be moyed 
a little further from the pinion, and the spring arms allowed to work in the space between, dose up 
to the naked fly-wheel shaft. 

In vurious parts of the world iron ores are to be found which are very rich, but in so pulveriaed 
a state that they are difficult to deal with in the blast furnace ; if these ores oan be reduced to a 
useful metal by a chemical process they will effect an important addition to the quantity of iron 
available for industrial uses. There are several methods of effecting this by producing a kind of 
sponge, and although this process will not affect the production by means of the blast furnace, it 
is undoubtedly valuable where the fuel is of a friable and the ore of a refractory nature. If it is 
attempted to reduce a very refractory ore with such a fuel in the blast furnace the result is almost 
certain to be a failure, whereas by a little extra trouble and remelting of the sponge a yield can be 
obtained almost as good as by the ordinary smelting process. With regard to the objection that 
iron sponge takes up sulphur, no doubt it is very sensitive both to oxidation and to sulphur ; but 
it is the opinion of many metidlurgists that coke, containing, say, i per cent, of 8u1phur,.doeB not 
much affect the spoug^ or the metal melted in the cupola. 

In the Blair process for the manufacture of iron sponge, the reducing fumaoee when first erected 
were designed to work when the ore under reduction took about 80 honrs to bring to a metallic state. 
Blair discovered, however, that by the addition of a small quantity of alkali k> the carbonaoeons 
matter mixed with the ore, the action was quickened to a remarkable extent, and that the reduction 
when alkali was used oould be reduced to 6 hours. Subsequent investigation showed that lime in 
a fallen state answered well, and from its cheapness was most suitable for the purpose ; the quantity 
required was quite insignificant when placed against the great saving in time. 

In Blair's plant as at first constructed, each reducing furnace consisted of a group of 3 vertical 
retorts, about 3 ft. diameter and 28 ft high, surrounded by brickwork, leaving a combustion chamber 
between the inside of the brickwork and the outside of the retorts, which with the outside brick- 
work stood upon a cast-iron eutabUture, supported on columns 12 ft ftom the ground. Below the 
entablature, and forming a continuation of each retort, were wrought-iron cylinders surrounded 
with water jackets, and having at their lower extremity a sliding sleeve for discharging the sponge. 
In the top of each retort a cast-iron pipe 2 ft in diameter and 6 ft long was inserted, leaving a ring 
of 6 in. between it and the inside of the retort 

The retorts were heated externally by gas jets, the air for combustion being supplied through 
apertures immediately above them. When the retorts were thoroughly heated and in workine 
order, the gas generated from the ore under reduction ascendeil up the inside of the pipe insertea 
in ttie top of the retort, and on 

meeting with air, flamed and so ^^^^* 

heated the pipe. The ore and car- 
bonaceous matter were fed into the 
retort down the 6-in. ring between 
the retort and pipe, and, forming a 
narrow column heated on both sides, 
was thoroughly heated before reach- 
ing the wide retort below, which it 
entered at a uniform heat, and hence 
uniform reduction was the result 
With the new plan of working, how- 
ever, this part of the furnace would 
not suit, the quickened action of 
reduction taking place in the body 
of the retort below, since the ore 
oould not be heated as quickly as the 
reduction took place. 

Blair eventually 'abandoned the 
system of external heating and 
adopted that of passing a stream of 
hot carbonaceous oxide through the 
mass of ore and carbonaceous matter ; 
he constructed a vertioiil retort, Figs. 
1591 and 1592, made of firebricks 
with an external wruught-iron casing, 
standing upon a cast-iron entabla- 
ture supported on columns ; the re- 
tort is continued below by a wrought- 
iron oyliuder with a water jacket 
And at the loiver extremity is a coni- 
cal mouthpiece and valve, so that 
the iron sponge can be discharged 
into any reoeptacle placed beneath. 

The lower part of the retort from 
where the gas is admitted is larger 
than the upper portion. This is done 

so as to form an overhang immediately above the aperture where the gas is admitted, thus forming 
a chamber round the mass of ore, and allowing the gas to permeate it ■ uniformly. At the top 
of the retort is an outlet for the escape of the gas after passing through the ore, which is connected 
bv a horizontal pipe to a vertical one descending to the ground, and there connected to the 
ofaimney flue. In the horizontal pipe above named a steiEun jet is inserted, so as to form a 
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TAODiiin in the top part of the retort, to indooe a repUar ciineiit of gas through the ore. The 
retort is fed hy an ordinary bell-hopper. 

The carbonic oxide ia generated in a gaa-prodnoer placed a few feet from the reducing ftimaee, 
and connected to it by a flae of suflSctent capacity. The gas-producer is circular in section, formed 
of wrought-iron plates, lined internally with flrebrioks, and standing on an entablature, and 
suspended from it ia a wrought-iron continuation, tapering to a conical discharging Talye for 
allowing the sshes to be ftom time to time remoTed. 

Apertures for admitting sir for combustion in the gas-producer are placed in its oiroomferanoe^ 
fitted with slide corers to regulate the admission of air. 

In the United States* Blair uses the Ponsard gas-producer, but Ireland employs the circular 
one just described, and finds it answers the purpose equally well. 

The object of using a carbonic oxide gas is primarily to supply heat to the ore to be reduced. 
What reduction ia effeeted by the gas is a secondary matter ; and in this point the process differs 
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from other attempts where carbonic oxide has been used solely for reducing the ore. It will be 
seen that in using the steam jet to induce a stronger current of gas through the ore under reduc- 
tion, the temperature in the gas-producer will be increased, and the fta in time become hotter than 
lequired, the result being that the mass against which the gas impmges in the reducing fornace, 
bemg almoat entirely metallic, would become welded togeuer, and so interfere with the regular 
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working of the famae& The gas, after paasing throngh the redacing fumaoe, is still almost entirely 
oarbonic oxide, and on passing by the sisam jet becomes mixed \?ith steam ; in order to condense it» 
a water spray is introdnced at the top of the descending flue to the chimney. A little above the 
air apertures in the ga»-producer are two pipes connecting it and the descending flue, so that some 
of the gas which has already passed through the reducing furnace can be again sent through tha 
gas-producer, and used over again, and at the same time cool down its temperature. 

By regulating the slide covers of the air apertures in the gas-producer, and the damper in the 
flue to the chimney, an equal quantity of air and gas can be supplied to the producer. It is found, 
in practice, the two can be so regulated that an almost uniform temperature can be maintained in 
the redacing furnace. 

The fuel used in the gas-producer is coke, which should be as pure as possible. In experiment*- 
ing on this process with some Indian magnetic ores, very rich and pure, and containing over 70 per 
cent, of metallic iron, which had to be reduced with veij poor coal containing 15 per cent, of ash 
and 10 per cent, of water, besides pyrites, Ireland devised the arrangement, Figs. 1593 and 1594. 
Here the inserted pipe has been abandoned, and this part of the retort divided into a number of 
smaller pipes, so as to present as small a column of materials to the action of the heat as possible. 
A small furnace, some 21 ft in height over all, was erected on this principle, with a reducing retort 
about 18 in. diameter and 10 ft 6 in. high, and a cast-iron pipe on the top 8| in. diameter to 
heat up the ore. Some 20 tons of the Indian ore has been operated on, and iron sponge of uni- 
form and excellent qufdity produced, part of which has since been made into first-class tool-steel« 
and some of it melted into pig metal. Where the ore is rich and pure, iron sponge made from 
it by this process can be at once made into tool-steel. In the case of ore which is not so 
rich, but still suitable for steel, Ireland is of opinion the best way to utilize the spongy is to mdt 
it in a cupola fumace into pig metal, and while in a molten state to pour it into a Siemens-Martin 
furnace. From the natmre of the particles of iron in the sponge beinp^ so minute, it cannot be 
balled up in any ordinary balling furnace without considerable oxidation ; it is stated, however, 
that if melted in a cupola ftlmace, the resulting metal, containing but little carbon and silicon, 
if conveyed in a molten state from the cupola to the puddling furnace, can be brought to nature 
with but very little rabbling. 

LIFTS, HOISTS, AND ELEVATORS. 

The various forms of lifts, hoists, and elevators are subject to constant change to suit the 
particular purpose for which they may be required. Those described in the present article 
illustrate some of the important forms which are ot recent construction. 

Figs. 1595 and 1596 are an elevation and plan of a fine sixty -ton steam crane, constructed by 
Eastons and Andenon, of London, for a large steel- works. 

The crane is 28 ft. high with an extreme sweep of 24 ft. ; it consists of a wrought-iron vertical 

Sillar, to the upper end of which is attached a horizontal arm, supported further by a wrought-iron 
iagonal strut The pillar terminates at the lower end in a cast-iron pivot 13 in. in diameter, 
wondng in a oast-iron bed plate fitted to the foundation about the foot of a power hammer 
Btandara, while the upper end is of cast steel, rotating in a socket secured into a wrought-iron 
crane frame which surrounds the hammer, and has already served to support the lighter cranes. 
This pivot is made hollow in order to allow of the passage of the steam and exhaust pipes of Uie 
engines. The hoisting gear is actuated by a pair of engines having cylinders 8} in. in diameter, 
10 in. stroke, bolted to tne back of the vertical pillar. A pinion on one end of the crank shaft gears 
into a train of wheels which, reducing the speed 63 to 1, communicate the motion to a pair of 
ordinary close-linked 1^-in. chains, by means of a pair of recessed drums over about one-fourth of 
the ciroumference of which they lap, their free ends falling down to and coUing in the bottom of the 
vertical pillar, while the bight is passed over the three pairs of sheaves of the travelling carriage, 
and two pairs of sheaves in the falling block, the bight passing round a small horizontal dieave in 
the extreme end of the jib. Bv this means a uniform tension is always ensured on the chain, and 
the space required by onunary chain barrels is saved. On the opposite end of the engine shaft is 
keyed a brake, actuated through connecting rods and levers by the foot of the attendant The cro^ 
traverse and the rotation of the crane are effected by a separate single engine having a cylinder 
6} in. in diameter, 8 in. stroke, with a small fly-wheel and link motion. On each end of the crank 
shaft, and running loose on it is fitted a worm capable of being thrown into gear by a dutch, an 
conveniently arranged spring hand-lever. 

The cross traverse worm gears into a train of wheels 240 to 1, which gives motion to a spiked 
pulley and by its means to a short pitched chain coupled to an ordinary l|-in. chain, which, passing 
over suitable pulleys, has either end shackled to the traversing carriage. The worm for rotating the 
crane actuates a train of wheels 133 to 1, and communicates motion to a pinion, engaging into an 
internal annular segment, bolted to the base plate carrying the lower pivot of the crane. All the 
motions are controlled by one man from a small platform secured to one side of the vertical pillfir, 
inside of which the steam and exhaust pipes are also arranged. For the purpose of turning the 
forging, strong claw chains hang down on each side of the falling block and hook into the 2}-in. 
chain, in the bight of which the object to be forged is laid. 

Fig. 1597 represents a steam derrick crane, designed and erected at Benf^w by Forrest and 
Barr, of Glasgow, to lift and work a load of 50 tons. The jib is .tubular, and is made of 2-in. 
boiler plate, with a plate of the same thickness running on edge two-thirds of its length,'and 
braced diagonally with angle iron. Its length is 70 ft. and it weight 15 tons. The stays are of the 
same construction as the jib, the motive power of the crane is a double engine with 8-in. cylinders, 
which is placed in the centre of the frame^ and a single cylinder engine of 9 in. for the slewing and 
lifting of the jib. 

Trevelling steam cranes form a considerable proportion of the lifts employed In dealing with 
heavT weights upon contractors, dock and similar works, and they are usually made so that the 
weight of the boiler and its fittings balance the jib, whilst the engine maintaiuB equilibrium in the 
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centre oTer the tnitelllng platronn. Pig. 199S U a ifde elevKtioD of a cmoa of (hii dMcription 
iDBde by T. Bmith^ of Rodley. naiT Leeds. Fig. 1399 being bd eod viow 00 k mach eolArged sools. 
Tbe deugn whiUt presenting no very uorel featDree ii leiy compact and Ntithotory. The pro- 

portioQi are gnod, whilit the anangementi for euaUing Um i 

and attend to tbe machine ate exoellent. 



e attendant* to work the aotlng lefen 




a I. 1600 and 1601 are the aide and end eleratimiB of what ii tenned a radiating Bleam 
ea, tued at tbe Jenej HarboDi Works undei Imrie Bell ; thig, na vill be seen, nuliatea 
oa a buck piTot ; the radiating framework be«i« apon all wbeeli, working on a ateel tail bent 
in the form of a segment of a circle, the clioid of tbe are of tadiatiou tiping M ft. The wbeeU, 
oatt of cruoibte attiel, are placed nndemeatb tbe front frame; the load, oondxting of IS-lon 
blocks, is lirtcd in tbe bile of a 1-in. chain, ttie carriage supporting tbe pulley betog racked 
In and ont over the girders by means of an endless slet-l wire ropo. Tbe whole machine ia 
propelled along a line of waj having a giiuge of 2t (l, ; there is tbut BnfBcient apace, aa 
veil as headway, for Ibe puBSHge nmlprneath of looomotiTss and tmcks onnveying biooka to tbe 
^trrme end of the work, wberu the latter are to be lifted by the Hercules before being laid in 
poaition. All the motions for pnipiilaion, lifting, and lowering blocks, and racking the carriage in 
and out, are given by a pair of horizontal cogines, which, with their Tcrtical bolter and feed tank, 
•erre to oonnlerbalance the overhang; any additional balance required being placed in the lank or 
on the tail end of the machine. These various motions are nnder the easy OMtiol of on« man, who 
iaalei) able to attend to the firing of the boOei. 

The timber ia of pitch pine, and the ties of good tough Iron. The flaming b perfectly stmttcd, 
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and braced id ereij directioo, so u to obrikte any ri«k of &tlnm The Btnlns of eyerj stntt and 
tie wen oareftally udonlated, to that, although Ibe nachine u a tsit light one Tor the work It u 
oalled apon to pmonn, it hu been found ver; (Aesd; in aetoal opeTatvm. It aba wnks with gn*t 




The test load of ftO tons wa« lifted and avDng round at a radiua of 46 ft. fnnu centre, without 
the cnne thowing the aligbteet perceptible de&ectioa. The snatch block weight over 2 tons, to 
ensure tlie OTerhauIing of the chain. 

Figs. 1602 lo 1606 are of an antomatic aelf-anstaining crane bjr T. Thoma*, of Uerthvr IVdvil : 
Pig. ll>02 repiesento in horizontal section a hand-worbed lift, tnitable for waiehouwe, hoteja, and 
tlie like, where a hee-Tj load ia to be robed or lowered. To one end of a horizonlal shaft A, 
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working in fixed bearings D' and D", a pnllej C is fixed ; over this pulley an endless chain or 
rope is passed, by drawing down one or other sides of which, motion in different directions is nyen 
to the pulley G and shaft A. The pulley end of the shaft works directly in its bearing D' , but 
the other end takes into a sleeTC, a contracted part of which constitutes the neck at that end of the 
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shaft which works in the bearing D'. Thus the end of the shaft carrying the pulley can both 
rotate and slide, while the sleeve constituting the other end can rotate but cannot slide in its 
bearing D'. To the end of the sleeve a hard brasB nut F is fixed, having a quick-threaded double 
screw ranned in it ; the part of the shaft A fitting in this nut has a corresponding qpick-threaded 
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acrew, the abaft and nnt tbiu conetitiitlng a acraw-box and tonw engaged with one another. 
When the thmti ia turned in a diiectioo proper to drive home a eorew, the ileere being at the eama 
time rtationary, the sctev udvaiioe* in the Bleere, the necli of the shaft at the pulley end pennltUog 
of a sliding motion in the abaft A. The chain or rope b; which the load ia laJsed or lowered run* 
Id a aheave U, keyed on a connterahafi D, and U connected with the driving abaft A by a apoi 
wheel T worbing in a pinioa H, 

which fijnuB part of a dram L iMi. 

working freely on (he abaft A. 
Tbia drum has at each end a disc, 
the diso &.; at the end the least 
distant tarn the pulley end of the 
■baft A, being larger than the other. 
The face of this large dlso R' it 
oppoeed to anothar of the aame ilm 
K carried by the eleere. The 
•leeve disc E haa an annular pro- 
jection on its face, which lakee into 



dram disc K' ia piewed against the 
aleoTa disc K, by means which will 
be described, the frictional contact 
of the two canaee them to rotate 
togKtbev. 

The pieeaure neccasary to make 
the drum L rotate with the abaft . 
A in a directioD proper to raise the I 
Weight on the sheave D on the 
oounterabaft B is as follows. The 
BOrew end of the abaft A terminates 
in a reduced part, baiiuK a fine 
■orew H" at its end, Sited in two 
unte H and H'. Btidlng upon the 
screwed part is a Btrong metallic 
waaber G, which fits loosely in a 
cylindriral box which forma the 

expended tenniuatioa of Uie sleere. In thia box is a volnte spring, through the centre of 
which the shaft A paaaea. By aciewing up the nuts H H' on the reduced screw of the shaft, the 
spring can be compreased more or leas between the washer Q and the nnt F. The compressed 
apring reacting on the washer U, and through it on the sban A, dmws the abaft into the sleeve In 
a icrawing motioii. The pulley end of the shaft has a collar P pinned to it, and when the shaft 
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advadcei, tliis oolhii adTandng with it presses the large drum dise K' against the sleeTe disc K, and 
pindnces the required friction between them to cause the dram Ii to rotate with the tbatt. In 
addition to the diiim L and its diioa K' and N, working loosely on the shaft A, and the collar P 
pinned ti> it, the shaft A oairiee another amail disc O, opposed to the disc N of the drum L. This 



ir ousbioo of indiarabber let mio it, with a thin motalUo washer oi 
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■orfkce ftgalnet the dlM N. Tbb conlrimu« ragulates tLe too sadden dopptgp of the dewent 
of Uie ws[ght when the Motion diact nip one another. Both the deere aiea K and the loow 
diao O tie provided with ratchet wheda Q and Q'. PbwIs S 8', which aro Tendered noiaeleaa, 
engaging in these ratchet wheeU, {HeTent the rotation of the sleeve and loose diaoe K and 
0, eioepting in the direction proper to raise the load. When the parta are in their normal 
poaitionu, and the endleea rope otot the pnlley O u drawn down on the lids proper for raising 
the load, the ihsTt A and ul the parti carried b; it rot»le tOKether, and when the eitdleM 
rope is looMd, the load being railed remaiiu atupeoded at an; oeigbt to which it may have 
be«n brought, the tatcbet wheel* Q and Q' and pswU B and W preventmg the baokwud motion of 



the ahafL When it is wished to lower the load, the endloa rope on the palley O is drawn down, 
on the side opposite to that bj which the raising motion is produced, so as to (rive the shaft A a 
backward motiort As the slecTe is prevented by the ratchet wheel P and pnwl B from rotating in 
a backwud direction, the aorow of the shaft A rotates in the screwed nut F attached to the sleeve, 
and the shaft performs a retiring sliding motion, thereby relaxing the preanire by which the larger 
drnm dies E' was held agsinBt the sleeve diso E, and sllowbg llie drum L to perfiimi a backwiird 
or nnwinding motion, nnder pieasiure of the load acting by meaoa of the apar wheel T apon the 
pinion U. The small looee diie O prodnoea by the elastic pad in its face, aa(£ an amount of friction 
aa (nfficeo to regulate the backward motion of the drum L, and the deeoent thereby of the load. 
Immediately the endless rope is liberated, the ahaft A, by the expansion cf the spring at iti 



screwed enJ.isdrawn through the sleeve and brass nat F, thedmmLls firmly gripped, the desocnt 
of the kad stopped, and the apparetoa asaiu reedy for raising. The enlarged elevation, Fig. 1603, 
shows the constrnction and actloti of the noteelesi pawls R and K'. In the oounterahaft B an 
annular groove is made in which a friction piu is placed, the bottom of the pin being made to bear 
foroibly against the bottom of the groove by the strong spring S on the npper side of the pawl. 
Over the acting end of each pawl is a stop for limiting its raising motion. When the lift is raiiftig 
the load, tiie counter^aft B is sufficient to cause the pawl B to be liRed ftnm Ita ratchet wheel Q 
and bear againat the stop. Aa soon as (he motion of the shaft B la reversed for loweriag the load 
the pawl B fallB,aiid, engaging with the ratchet wheel, prevents the backward motion of the port to 
tvhioh the ralchet wheel is connected. Both pawls R and B', Fig. 1602, act simnltaneunsly. The 
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en^agiog (^ the pawla with and Ihe disengaging of tham from their istohet wheeli it aabmatiMJlT 
efiected, and the ratchet meolianiaro is DoUeloas. Figs. 1601 to 1606 show the form in whioh the 
principle is applied to hand craneo. 

Fig. Ifi07 ia an outliue eleiatlon of Baldwin's lift made \y Otis Brothera, of New To*. 
Fig. 1 60S IBS Bectiona! eleyation, loan enlarged scale, of the cylinder piiton TaJves, and eounectioDi 
of Fig. 1007; and Pigs. 1609 to 1611 are sectiona! Tiews, toaeoinewhat larger scale, of the Tal?e 
deTioea of Fig. 1608, showing the positions of the valves as adjusted for diffoKnt purposes. 



3 or less niajr be nsed, at desired, and its end is made secure. The movable pnlleyi W 

are connected b; a stirrup p with the diiuble piston stem B', which latter, passing through slufflng 
boxes into the cylinder A. is connected at its apposite end nith tlie doable piston B C Tbe 
cylinder A is made in two parts, oi ia divided into two oompartmcnts or chambers a a' b; means 
of a transverse diaphnigm, at or aboat midwa; between its two ends. The piston heads BO 
«ork one in each chamber. Both are attached to the same intermediate stem, so as to receive the 
same motions. The stem passes tbroogb a stnfflng box, and in tbe diaphragm is a port opened kud 
cloa^l hy anf suitable form of valve. Supply and disohatge ports F P' are made near the ends 
of the cjlinder A. 

The Talve case D has a valve chamhei i^ of cylindrical form and lined ; in Um lining ara perform 
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tioot cotbtIhr the porU ( u v. Theport hu a pipe ooDunmiiMtloa P with tbe oyllnder port A>. 
Tba port u, b; a pipe or pawtge F% oommnnicatea with a cylinder port at tbe upper end of tho 
cbanber a', and the port Riin connected b? a pipe P* with tbe cylinder port A', 

In the valve chamber D are arranged a Knea of disc-sbsped valvea, 1 1', on a common item, 
Theee vatrei are provided with onp-leatber packing, and the atenu project ontside of tbe valve casa, 
to tbat the valiaa can be abifled h; rack and pinion i. Water nndei presanre is admitted at m. 

Tbe vatvea in tho valve case D receive Ibeii motion, through a nok and pinion i, from an 
operatiiiK nheel G, wbicli ia moved so ai properly to ehift tho valvetby an operating oord in the oar. 
A hand bole, covered b; a cap, U provided in the aide of the cylinder A near tbe central diaphragm, 
for oonvenienoe in packing the Blein and the piaton head B. The lower open end of the valve 
chamber constitntes a waste port. The apparatus has also an open water passage g, itom the chamber 
a near the dinphragtn, to the chamber n', below or outside of tbe ntmoet point of tnotiou of the 
piston bead C. 

When the,operator in the car desicet to raise tbe oar while empty or with only a light load, he 
works bis operating cord ao as to bring the valves in the position Fig. 1G0S. 

Both ohambt^TB a a' ere presumed to be full of water under pretenre, as also the oommnnlcatillK 
pipes. Fall water pressure will then be effective on tbe iipper side of the piston head B, and 
water below the piston head C will flow out freely at o. The valve s prerenls the supply &om 
eaeaping at the waste port below it Water from below the piston bead B will open a valve 
indicated by an arrow io the upper part of the case i/, and flow through tbe port so as to fill the 
■pace vacated by the piston C as it nuivea downward, tbe latter acting, perhaps, somewhat aa t 
pumppiaton to draw tbe water Uirongli. The lesidne, if any, of water under B will pesa thran^ 
g to the waste port. To work the apparatos with maximum eifect in raising heavy loads, the 
wheel Q ia tumed so as lo shift tbe valves to the position Fig, 1610. In this adjostmeni the porta 1 
and u are brought into oommnnioation, and water in the pipe B, which ia oontinnonsly under 
preesme, is free to pass from the port I between the valves t and t', tbroogli port u, and ioto 

Elpe P', and by port ^ into tbe apper end of the lower cylinder or chamber, ^d above the piston 
esid 0. Water pressnre will then act effectively on top of the piaton head B, as befote ; also, the 
water preasare, entering at g", will close the middle valve and act with its fall foroe on the upper 
side ta ibe piston head 0, the water below B eecaping by g and P as before, and water below C 
escaping at P, in both oaaea without reeiatanoe. The effective foroe of the water pressore is thna 
obtained on two cylinders instead of one, practically doubling the power of the appuatus. 

To lower the car, tbe valves are shifted to the position Fig. 1609. In this adjustment the 
valve * is below the cecape port, so tbat the waste is entirely cut off; also, both ports u and 1 
are brought into oommunication with the port v. The ear, then being sufficiently heavy, or bdng 
counterweigh ted, comes down by its ovm gravity. Water above the two piston beads flows bj porta 
t u into tbe chamber a' below tbe 

lower piston C, and a portion of '•'*■ '*'*■ 

it passes up g into the space 
below the upper piston B. By 
raising tbe valves a little, the 
port V can be partially cloeed, and 
tbe drcnlation of water from 
above to below the pistons ean 
therohy be so choked aa to pre- 
vent a too rapid descent of the 
oar, should sncb danger oeonr. 
To stop the oar at any time it is 
only neoessary lo bring the valves 
to the position Fig. 1611. Tbe 
disohaitte ia closed by the valve 
«, and we cirealation from above 
the pistooa to below them is pre- 
vented by the valve s*. In all 
the adjnstmenta deaoKbed, the 
valvee are balanced as regarda 
water pressore; but if such is 
not desired, the valve ■' may be 
omitted, the end of the valve 
chamber being closed by a cap 
made with a stuffing box for the 
olve stem to pi 
Two types ol 
pound jocks are shown in Figs. 

1612 to 1615, one hydrauKc, tl.e „„, ,^,j^ 

other screw. Tbe hydraulics are 

made to run out two-thirds Ibeir height; therefore a jack standing 22 in. when down, would stand 
44 in. ran out, so tbat they give a clear lid of 22 in., one ram rising and falling inside the other. 
They will lift from close to tho ground, and work in any position. The pnmp and working parta 
are all contained ia the jacket, which also ibrros the reservoir or tank, which will contain three 
times tbe amount of liquid required, thus saving time in refilling. They can easily be examined 
and repaired, as tbe valves can be taken out without touching tne pomp or gearing. The raxos 
are made of fagoted iroo, and the Toot forms a guard or stay, thereby preventing the nuns from 
bending or straining. 

ligs, 1616 to 1619, refer lo an ingeniona arrangement of that class of elevaton in which a aeries 
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of oAgei saitable for reeeiyiiig puMngen or goodi are kept in oontinuoiis motion, ascending on one 
side and deaoending on the other aide, auoh aa ara oommonly naed in large inita of offioea, hotela, 
and the like. 

The earn are oarried by an endleas chain passing aronnd chain wheels at the top and bottom, 
and one of theae ohain wheels is driven by an engine which is suitably oontrolled. The cages 
stand in front of the chain, and are suspended by means of sling links introduced into the chain at 
the places required. There Ib a sling link for each cage, and the link carries a pin projecting out 
from it horisontally and at right angles to the plane in which the ohain travels. This pin enters 
an eye formed for it oentraliy in 
the back of the cage, at the upper 1619. 

part, and by it alone the oagc m •jmrnar- — IP*^ ■ 

hangs. Both in ascending and m ja^ ^_^L^ ^ o^ ^ ert 

descending the csge is guided by ^ ^ ■■ ■ ■ ' ^ ' T ^' ^^ "^ ^ 

rollers or small wheels running on 
'guides of angle iron. One pair of 
rollers carried by arms on the sling 
link controls the tendency of the 
npper part of the cage to fall for- 
ward, and at the same time steadies 
the cage laterally. 

Another pair of rollers upon an 
axis fixed to the lower part of the 
cage, and running upon other angle 
guides, set in front of the first pair 
of guides, prevents the lower part 
of the cage tipping towards the 
back, which, if free, it would do, in 
consequence of the point of suspension being in rear of the centre of gravity of the cage. Thus 
the guiding of the cage is effectually provided for so long as the cage is in the straight part of its 
path, but when the cage is passing from side to side at the top and at the bottom, further pro- 
visions are reouisite to control the lower part of the cage. 

The slin^ link when it passes on to the chain wheel, either at the top or at the bottom, beoomea 
securely held, and as the link is carried round, the arms bearing the rollers remain radial to the 
wheel, and the rollers consequently roll accurately around the guides as they curve over or under 
the chain wheel, but at the twttom of the cage, the wheels being on an axis which remains alwa3r8 
horizontul, would not roll around curved guidea ; these g^idee are therefore discontinued at the top 
and bottom, and the control of the lower part of the cage is effected by a wheel at a suitable dis- 
tance below the chain wheel. This wheel is connected with the chain wheel by gearing, so that 
it revolves in unison ; It has recesses in its periphery, and as each cage comes round a strong stud 
with suitable collars upon it fixed to the book of the cage, near the bottom and vertically beneath 
the point of suspension, enters one of the recesses in the controlling wheel, and so the bottom of the 
cage becomes held and the wheel carriea it round in its proper course. The glides for the lower 
rollers are provided with self-acting traps, near their lower ends, to allow of the passage through them 
of the projecting portion of the sling links by which the cages are suspended. 

Fig, 1616 is a vertical section of the cages with other parts for this arrangement, and Fig. 1617 
is a plan partly in section of the same ; the cage H is a strong case open in front, and has an iron 
bar £r, serving as a backbone upon which it is built, and when it is intended for the conveyanoe of 
passengers it is of sufficient height to admit of a man standing erect within it 

At the upper end of the bar H', and to the back a long bearing is fixed, to receive the horizontal 
pin F', by wnich the case is suspended ; the pin is fixed in the middle of one of the links of the 
chain, called the slinir link. It also has two arms projecting outwards from its centre at right 
angles to the length of the link, and at right angles to the pin, and theae arms serve as axles fen* 
the guide rollers 6, which roll along the backs of the angle-iron guides B B, and so control the 
tendency of the cage to tip forward at the top. The guides are ourved round, so that a continuous 
bearing surface is provided for the rollen. 

At the lower end of the bar of the cage a horizontal axle h' is fixed, and upon it are tlie guide 
rollers h ; these roll along the front of the angle-iron euides and so control tne tendency of the 
lower part of the cage to tip to the rear. The guide roUers A leave the guides when the cage;is 
at the top and bottom, the guides stopping short, and at these places other means are provided for 
controlling the lower part of the cage. Tne stud fixed to the oar H' at its lower end, as the cage 
comes round, engages with large wheels entering notches which are formed in the periphery of 
them for its reception. 

In order to avoid the necessity for the controlling wheels and studs, the axis of the lower pair of 
rollers can be arranged upon a pivot on the back of the cage, kept parallel to the roller arms of the 
tlinf link by means of a pair of sprocket wheels, connecteid by long links in such a way that any 
motion of one wheel is communicated to the other. The axis of tne lower rollers is continued to 
near the centre line of the apparatus, and has at the end a stud which at the upper and the 
lower end of the course of the cage enters between guides provided for it. In this arrangement the 
guides for the lower rollers are continued round the top and the bottom, in the same way as the 
guides for the top rollers are oarried round from the ascending side to the descending side. 

Fig. 1618 is a front elevation, and Fig. 1619 a plan of an elevator constructed in this manner. 

The guidea for the top ^ide rollera are carried by the sling link in the manner already 
described, with the difference that in this arrangement the guides are set closer together, an arrange- 
ment which admits of fist guides without side fianges being employed ; / shows the guides for the 
bottom rollers. Lower guide rollers are carried by a movable quadrant, which ia pivoted to the 



880 LIGHTS, BUOYS, AMD BEACONS. 

bank of the cage, and baa mllen wbleh run apon the guides, llieae, like the top goidsi /, are mo- 
timiooB, beiQ); curred or aiolied rcmad at the top and Iwttotii. The rollers are mnde to roll tralj 

Biound (he ciured coarse, and the reqninite mavement of the qaadrant in obtained b; oonneatteg 
it vilb the aling link, in suob manner aa to keep tbe axles of the top and bottom guide rotlert 
always parailel the one to the other. One aproobet wheel U mounted upon tbe aliug link aronnd 
the point oE snapension of tbe cage, aod the other opoo the pivot of the qnadrant. 

la order fortber to control the moTement at the top and bottom and easnre the guide Tollen 
remainlDg upon Ibe guides takiog a tmlj circular conru around a oentral point, tbe guadiant 
is continued to the centre, where it terminates in a X °' orossbead. At the ends, both at top and 
bottom, the (piidee / are adapted to receive this oiosshead to guide it to tbe eentie point and Uiera 
retain it whilst the toroiDg motion ia taking place. 

The guides tiave openinsfs at tbe points where tbey are oroHsed by tbe path of Ibe aii^ from 
which the cage U snepended. The openinga at the top need not be provided with trapa. At the 
botttnn, however, maJl connterbalanoed (raps at ^ are ao arranged a« to yield to the total pieMnre 
of the parti th^ are intended to bUow to peat. 

LIGHTS, ED0Y8, AND BEAOONB. 

Tbe Gorbi^ Ligbtbonae, Jersey, is an excellent example of tbe nee of conoieto in such 
stmctnree. It was ooDatruoled under tbe anperintendenoe of Imrie Bell from the designa of Sir 
John Coode. Tbe Corbi^re Bock, upon which the lighthouae is erected, lies off the aouth-weatem 
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point of the island of Jersey, Fig. 1620, in latitude iS° 10' 40" north, loogitnde 2° 14' 50" vest. It 
' IS distant from tbe mainland about 1600 fl., is isolated at high wator of all tides, but is aocesaible 
over a ledge of tocfae, aliortly after balf ebb tide np to nearly half flood of ea«b tide, when tbe tea 
is amootb, not a matter of frequent occurrence in this exposed part of tbe island. This rendered 
necessary, as one of the works connected with this nndertaking, tbe constructian of a tidal canBe> 
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wfcf to emnTe the attetf at the ligbtkeepsn on thsir pnua^ to and from the llghtbonie. The 
luuca of tide on this ooait ia 32 ft. at atihiaij spniigB, Hid ^ ft. at oidinarj neap*. 

The site choaen foi the lightbonte being inacoeesible by land, a Toad of access wai aeeemexj 
eztenduiK met } mile in tengtb r and along with thii were oongtracted dtreUmg booKB on the 
mainland for the lightkeepen, wiUi tlie neceHsr; HtorehuusBB and Dntboildings. 

The tidal caniewaj exbeedg f mile in length, is 6 It. in width at the top, and ii formed of two 
ride mlla built of granile blooks, with a batter on tbe Mea of I to 2, the height Tarjing &om 1 H. 
to B ft ; tbe blocka a>« bammer-dreeaed on the face, and laid on level beds in nement mortar. The 



•pace between the walla ia filled with Portland cement eoncrete, in the proportion of S parts of 
■hingle and coane sand to 1 part of cement ; the npper 8 in. being made stronger and Sner, in the 
increased proportion of 4 pBrts of shingle to I part of cement. 

The action of the sea durini; gnlos nn^Tsnts any great occumnlatfon o: 
of the oaueewayi and a sprinkling of hot lime in calm weather, afterwE 
brooms, is fonnd sufficient to prevunt nn; growth. 

Tlie landing of tlie material from the barges on their arrival troia Bl. Helier, when moored in 
the deep-water obannel, was carried ont by an overhead ropeway frata the main rock, at the foot of 
which were the stores and workshops, to the patch of rock on the opposite side of the channel, care 
being taken that MilOoient headway was allowed for working tbe barges tmdemeatb. Fig. 1621. 
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The rope nupended betwaeo the two rocka formed the ropeway. The apparKtiu ooniiitod of a ilneja 
wheel with a grooved tire, whiota traTelled on tlia rope, Bnpporting a bloolc and taokla by two (udo 
ohedks for adjusting the height with a hook for carrjring the bugoraemkei of materiBl. Thii wheel 
with tackle ia pulled along the ropewajr by a gmall endleat wite rope wound toiind ■ dnuD, 
worked with a amatl windUaa, Figl. 1630. 1631, by two men. An improvemont was effected 
by having a doable rope from the Unding plalform out to a little beyond the position where the 
barge wu intended to be moored, where the ropes were bstened to a croeabeir, and from thenoa 
continaed to the patrh of rock by a single rope, which, in order to give additional height waa 
passed down to the rock over a pair of sheer legs. A donble line of ropeway was thai foimed, fitim 
the poaition which the barge would occnpy when moored, to the landing place on the main rook. 
The main rope, secured to an eye-bolt lewind into the rock, wa« rtretclied from the apex of Iha 
sheer legs otw the position of the barge ; at this point It waa aeonred to the oentra of the oroaabar, 
from the ends of which two ropea were faitened, and CMried parallel to e«oh other to the main 
rock, and firmly aecnred to it, after MSBlng over the gnide pnlleys. At the ends of the ropea 
blocks and laokles were placed, to Ugliten or slacken tban as might be required ; and upon tbeae 
ropeways the travelling trbeels with snapended tackle and hooks for oarrying the material. 



Fig*. 1632, 16S3, wen ran to and fro by mean* of the light endleu wire rope, worked by the 
wiodlaai. The wire rope. Fig. 1621, after two InniH runnd the drnio, passed up over a guide pulley. 
Figs. 1634, l(j35, and wasfastened tooneof the traTellingwhecls; it waa then conveyed under one 
of Iha ropeways and ronnd a gnide pulley Sied to oroaabara. Returning under the other topeway 
it was fixed to the other tiavclling wheel, and carried on to the shore or main rock, over a guidu 
pulley, and round the drum ; so that while the loading at the barge end wm being proceeded with, 
the anloading at the shore end was goiog on at the some time. 

The platform upon which the lighthouse ia erected is 9 ft. high, and is formed of three oouimb, 
Irom which the tower, with moulded base and cap, rises. This tower is snTmounU-d by a balcony 
having an iran railing, abore which fs the lantern provided with a dioptric illuminating apparatu* 
of the second oiderj snowing a fixed light extending over an arcof 2S(r. The dark angle, of 110°, 
towards the shore, u occupied by a dioptric mirror. 

From seaward, between the bearing! of south by east through eeat. to north by weat, the light 
is white. Inshore of the eastern limibi of the white light two sectors of red light are exiiibited, 
one to the north-eastward, for marking tlia ahoal ground of the Rigdon Bank, and thence land- 
wards; the olher to the south-eastward, marking the Vraoherea and tliendiacent dangers landwarda, 
through angles of S2° and SS° lespeclivvly. Tfha red arc* ate ptoduoed by shade* of ruby gloas 
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AttMhed to the Unlem, which ia 7 11. in height. The light ia 135 ft. abore the mMn leTel of the 
se*, or 119 ft. above high wuter of ordiiiaiy apriug tidea, and ia visible for a diatance of more tfaan 
18 miles The lamp ia a preaaure one, «ilh tlie weights BiTai]g<ed below the body. The burner [■ 
of the Trinity Hnuae tjpe, haa three concentric wicJu, mntatn^B peraffla oil, and giTSa a light of 
about 200 atandard caudlea. The lantem, b; Chnnoe, ia of ordiaary oonatructJOD, except that the 
wall of the tower ia carried a little higher than lunal, and that the oaat-iron pedestal ia reduoed to 



KB eqniil amount The loiide diameter of the lantern pedestal Is 10 IL Oatdde 'a fbg bell, 
weighing 5 owt., is fixed, hj me«iu of a wrought-iron plate bracket, strengthened with angle irons, 
and stayed to the maaoory of the tower. 

Aalheooncreteof the tower, Figs. 1622 to 1627. was laid m tilu, all the material had to be oon- 
veyed tnKn the eonerete mixing-floor at the IbtoI of the workahop, which was folly 50 It. below the 
botton of the platfonn, to the lop of the rock, and then hoisted to the ooorae Ander cooatrnation. To 
aooomiiliah this an inclined railway, with siding on the S-R. ganga, was laid npon longitndinal 
timbcra, flxed flrmlj to nprights secured to the rock, bom the oonorete-mising platform at the 




depot up lo tlie site of the tower. Here a steam hoist was erected, and so ortaoged that when the 
Inulj, with tippinff skip, was hanled up to the top of the incline, it was in position for direct lift, 
which was effected by unhooking the i^ain from the trolly, and attaching it to the skip, when it 
was hoisted (o the height required. The rod chain suspended from the traveller at the top of the 
BcaSbId, adjusted to proper lengtli by removing nr adding a link rod, to suit the coursea of tlie 
masoory of the tower, was then attaohed to the hook of the skip, the crab chain woa sliglitly 
Blackened, and its hook relieved, and the skip nea run forward over the centre oF the tower, and 
the matetial tipped on to the banker, which completed the operation. The empty skip was drawn 
back into position for lowering by the counterbalance weight, the omb chain liookcd to it and 
wound op ft little, in order to reUeve the rod chain which was detached, and tlie ahip Was then 

8 B 
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lowereil on to the tn»Uy and ran down the incline. Dnring the time thus ooonpied anothesr skip 
was being filled upon the trolly on the siding at the foot of the incline, and was ready for haulinff 
up on the return of the empty one, an arrangement which allowed the work to go on smoothly and 
continuously. The scaffolding was made of timber, strutted and braced, and securely gnyea with 
wire ropes to the rocks below. 

The top of the rock waa roughly quarried for the bed of the platform, leaving a core about IS ft. 
in diameter and 7 ft. in height The mould, a segment of one-eighth of the circle, 3 ft. in height, 
drtssed on the face to a radius of 7 ft. 9 in., and a batter of 1 in 12, was fixed in place by tie bolts 
l.^wkied into the rock. The concrete, composed of 6 parts of shingle and coarse sand to 1 part of 
Portland cement, was then thrown in to the level of the top of the segmental frame, and the opera- 
tion was repeated by shifting the frame round until the course was complete. The second and 
upper courses were laid in a similar way. The ciroular platform was 29 ft. 6 in. in diameter at 
the top, and 9 ft. high. The chamfered joints were formed by fillets tacked on to the face of the 
frame, and when the work was stripped of the frames, the third day after depositing the concrete, 
the face presented an appearance eqnal to dressed asldar, and as hard as a soft brick. Instead of 
dowels and joggles a batten was fixed upright at each end of the frame, so that when the concrete 
W8S filled in, and the batten removed, it left a vei-tical slot at each joint, about 9 in. long by 4 in. 
wide, the full depth of course, wliich was filled in, and formed part of the adjoining block, when 
the frame was shifted horizontally round, and again filled with concrete. A concentric channel, 
9 in. broad by 4 in. deep, was left in the upper surface of each course for a similar purpose. This 
was filled up with concrete ftirming part of the course above, so that the whole structure was bound 
together as one stone. In order to give a smooth face to the work, care was taken that the Portland 
cement mortar, the proportions of which were 3 to 1, was laid close to the face of tiie mould, from 
2 to 3 in. thick, and carried up with the concrete or rub]ple w«rk at the same time, to ensure equal 
setting and uniform colour. To prevent the mortar adhering to the face of the mould, soap, boiled 
with water to the consLttency of cream, and applied immediately before the work was commenced, 
proved most satisfactory. The face moulds, which were made of pitch pine, were first washed 
thoroughly clean, and then thickly painted with the soap solution by a whitewasher's brush. 

Upon the top of the platform the tower, Figs. 1627 to 1629, was carried up in the same manner 
as previously described, with the exception that the mould frames were made to radiate from the 
irun centre of a frame firmly wedged and secured within the wall of the tower, building simul- 
tmeously two blocks, which formed opposite sectors, and completing the ciroular course in four 
shifts. The height of the tower and platform is 44 fL, the well of the tower is 11 ft. in diameter, 
and the thickness of the shell varies from 2 fi 6 in. under the cavetto at the cap, to 4 ft. 3 in. at 
the plinth mouldings ; the base is 5 ft. 3 in. thick. There are two floors with tnree landings, as 
the work wus designed for three floors. The girders for the floors are of rolled wrought iron, and 
were built into the side wails as the work procieded. The floors are of X irons resting on the 
girders, and built into the side walls ; the spaces between, and for 1^ in. above the irons, are filled 
with fine cement concrete, in the proportion of 4 parts of shingle and sand to 1 part of cement. In 
the centre of the tower a hollow cast-iron column, 13 in. in diameter and f in. thick, in four lengths, 
is built into the platform ; the ends of each len^rth terminate with circular flanges, which are 
securely bolted together. The top length is bolted to the under side of the pedestal of the optical 
apparatus which it supports. The partition of the watch room is made of wrought-iron plates -f^ in. 
thick. There are five windows; the openings for these and the door were made by fixing wooden 
centres formed to the required shape and boarded over, and the concrete filled in with the courses 
through which they pierced. The staircase consists of two wrought-iron spiral stringers, made of 
flat irun, 7 in. long by { in. thick, with angle-irons 2 in. by 4 in. thick, riveted to the upper and 
lower edges. The stringers are firmly bolted to the floor of the tower, and to the girders and can- 
tilevers fit the landings. The risers and supports are of flat bar iron, 2^ in. deep by -j^ in. thick, 
riveted to the upper angle iron of the stringers ; the tread plates are of cast iron, with grating 
panels. The balusters are of polished wrought-iron 1} in. in diameter, with bright brass caps and 
nandrails. 

The lantern pedestal. Figs. 1627, 1628, is of cast iron, securely fastened to the masonry of the 
tower by twelve IJ in. holding-down bolts, 3 ft. long. The inside is lagged with American yellow 
pine, and fitted with brass circular ventilators, the service galleries are of cast iron, the incline 
framing for supporting the roof is of wrought iron, faced with gun-metal, the cupola is of copper 
double lined, surmounted by a copper revolving cowl with vane. An outside ladder is fixed to the 
roof, and a lightning conductor is carried to the foot of the tower, and down a fissure in the 
rocks beneath mto a deep pool, which is submerged at hi^h water of all tides. 

After the removal of the inclined railway and scaffolding of the tower, the approach was formed 
by cutting steps out of the rock, and in some instances by forming them of concrete, protected to 
windward by a rough-built rabble widl in cement mortar, with stones quarried from the adjacent 
rocks, with which it corresponded in appearance when finished. 

The quantity of parafi9n consumed was 2*26 gallons in every twenty-four hours. 

The great desideratum in a lighthouse luminary would appear to be a maximum intensity, com- 
bined with perfect focussing compactness in the optical apparatus employed, for condensing the 
radiant light into an intensified b^m, and directing it to the sea surface. In these respects neither 
oil nor coal-gas flames can be considered perfect, large trials have therefore been made of the 
electric liglit. J. N. Douglass in 1879 made a most able communication to the Inst G.E., detail- 
ing the results of its application at various places, and from this we extract the following 
particulars. 

Fig. 1636 is an elevation of one of the panels, Fig. 1637 section of the lantera and part of the 
tower. Fig. 1638 plan of the holophote, and Fig. 1639 plan of the lantem of the Souter Point 
lighthouse, where the electric light was first shown in 1871 ; it is situated about midway between the 
entrances to the rivers Tyno and Wear. The buildings comprise tower, engine and boiler house, 
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edie itore, workshop, itorft-room, and dwelling* toi Ave men. Tho tower Is SO ft. high, nir- 
monntod with & cjliudrical belioallj rramod Untern 12 tt in diatneter, having the food plane of 
the light ISO It. aboTe high water of ordinary sprinf; tides. The buildings are all oonBtrooled in 
mbble maaonrj in mortar, and stuccoed in Portland oement. Aa no fresh watec was to be fonnd on 
or near the site Tor tlie boilers, &□ asphalted rain-catch. 2100 aq. ;ds. in oreft, was laid aronnd the 
dwellings, and four nndcrground storage tanks, with two cooling ponds, were conatrncted. The 
engines were pnmded with condensers, Sio pnmp, and two Cornish ooilera, and a fog-horn appantnt. 



replaced hjshaning,pu]Iefs, and leath^driving-belts. 'WheD,boweTer, (he atmosphere is impotted 

tot the tmnsmissioD of light, bj niin, mist, or soow, both machines are worked, and with fog 
ooonrring, either by night or by day, the fog signal ia sounded. 

Either or both of the magneto-electric machines and the fog signal can be worked by either 
engine and one boiler, so that the caniplute apparatns for the production of the electric light ii 
in dDplicato. The conducting cables between the magneto- electiio machines and Uie lamp in the 
lontam are 175 ft. in length, and conaiet of the rollowing; — Between each magneto-electric maohine 
and a current changer fixed againet the wail of the engine room, there ore two copper wires 1 in. in 
diameter ; and from the current changer (o the lamp in the lantern there are three insnlated 
cables, one of nineteen mpper wires, No. 16 B. W. G)., and two of acven wires No. 14. With the 
current from one machine, the larger and ouo small cable aie used, the larger cable going to the 

8 H 2 
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appor carbon, and the ■mailer cnble to the electro-magnet of the lamp and lower oirbon. With tho 
tecood maolijne added, one current is coupled wiCli tliftt of the otlier ntacliine and aeut throngh tha 
htger cable to the uppet oa/boii, aD^l the other coinnt ia sent throagh Uie third cable direct to the 
lower oacboD, without peseing through the electru-magnet. With IhU anangement mi alteration in 
tiie strength of the electro-magnet of the lanip occurs, in altering the light fron:! single to double 
power, or from double to single power, and, oouBeqnenU;, tie louljiutment of the lamp with tbeae 
duDgea of iotenaitj is necesaarj. 

As an additional precsutioD.an oil lamp of four wicks has been fitted to the optical apparataa, 
BDd arranged so that ita flame can be prompt]; brought into fucoa in the cose of a total ikiluie <n 

, ^f .na coDBista of a portion oF a diopdio appuatna of the thir< 

for fixed light, having a fooal distance of 500 mm. in the central horiionlal plan 
to at l^gth p. 843. 

An imjiraTement was made b; DonglaeB in the arrangement of the tnnitable of this appaiatna. 
Thisconauted in the eotargifment of the toller-path lo the (hll diameter of the appejatiu, b; which, 
besides increased stead inesa end 

pieciiion, acoesa to the interior of '*"■ 

the optical apparatus ig obtaioed at 
all tiroes, without Ihe necessity of 
stopping it, aa ia oaaall; the ca^ 
and thus aJtcring for the time the 
cisct character of the light. A 
lower rcflL-cting light from the same 
Inminarj as the upper light ia 
shown from a window in the tower, 
22 ft, below the upper light, for 
marking ohnnges in Bimdetlaud 
Baf. distant 6 miles. 

The fog signal oonsists of a pair 
of Holmers feig trumpets, with their 
mouths direi'tnl eeawnrd, and their 
axes separated 90°. Theee trumpt^ls 
ue flied 87 ft. seaward of the light- 
honae, at an elevatioD of 85 fL above 
high water, and are aonnded b; air 
—mpieued to 30 Ih. a aq. in., b; 



a pair of pnmps worked by the 
engines. The oompressed air ia 
tent through an Dndergronnd pipe 



in the signal house, oi . 
wbirh is fitted an antomatio ap- 
parataa, to regulate the interTBU 
and dumlion of the blaalt. The 
apparatus ia arranged to sound atery 
forty-flvB Booonda, the duration of 
each blast being four seoonds, and 
the silent intenal fortj-ono sooondl. 
It has latelj been neceasarr to 
replace the reed trumpets of Uolmea 
by a more powerful Siren trompet, 
sounded by air compressed by an 
additional engine and boiler of 
twenty effective horse-power. It 
will iLua be teen tliat the motive 
power required for a first-claa fog 
aignat is sufficient for the production 
ofan electric light, at the focos of 
the optical apparatus wllh an in- 
tensity of about 23,000 eandleg. 

At the South Foreland there 
ue two fixed coast lighti whose 
relative positions are E. by S., and 
W. by N. magnetic, and their dis- 
tance-apart 419 yards. The focal 
plane of the low light is 275 ft, and 
that of the high light 372 ft. above 
high water of ordinary spring iid^s. / — -. 

Figs. IMO, 1641 are of the JaUa i'/nfj^ }Ft^ 

Sonth Foreland lighthouse arraoge- ..(, 

mADtt for otiliziog the eiectrio 

light. The machinery and apparatus consist of a pair of horizontal condensing eogiiMB, e<idi of 
10 liorse-power, a pair of Oomiah boilen', four of Holmes'a improved magneto-el wtrio machines, of 
the same model as thoee described for Pouter Point ; together with the nuceseary shafting, pnllejs, 
and bells, for driving any two or all of the magneto^ectric machines with either engine. 

The oondiicting oablea between the roaguoto-electrio machines and cleotrio lamp in each lanlen, 
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togetluc with t1i« onrrent changer, are of tbo samo rorm and dimensinnB M tliOK deioribed at 
p. 635. The madocUDg oablea are laid undergrauiid, imbedded in aaphalte ia 6-in. glnzed stonfr- 
vare pipea. Tbe dutsnoe batween the magneto -electrio machincfl and (he lamp in the lantern of 
the hig^b lightlinoM ia 694 ft., and between tlie magneto-electrie machinea and Iha lamp ia the 
lantern of the lav liglitliouae, 592 ft. The old lanleraa irere ntiliied for the olectrio light by 
the Mtnoral of the reitical fromiDg and flat gloaa, belieal fmning and cjlindrical giaaa being 
fubetitaled. 

At the Limrd Light the mai^hines an arranged to be drivea by & leather belt off a pulley on tha 
fiy-wbeel shaft of the caloric eogini.'g, the Bpi«d of the engines being sixty revolulione a mioDte, and 
that of the dynamo-electric mnoliinea eight hnndFed and flfiy. Each pair of dfnamo-eleatrje 
machined is fitted and bolted to the same oust-irun base plale, togpther with an intcnnediste palley 
frame provided with tvu pulleys. The oils of each macliine it coanfcted to the axle of the pulley 
frame by a faced diso conpling and four bolts, and thus no Doneccssary strain in dririag is incarred 
at the axle or bearings of the dynamo-electric machinea. Daring clear weather tbe current from 
one maohiiie is seat to each lantern ; a seooad caloric engine, wjtlibanked Are, and its two dynamo- 
eleotric macliinee, being kept in rcadinun for immediate uae. When the atmuaphere ia impaired by 
lain, miat, or snow for the transmiueioa of light, the eeoond engine is started, witli ila two dynamo- 
eleetrio mochiaea, and the ourrent from two mai-hines coapled i* sent to each tower, gif ing a mean 
intemiity of each luminary in focna of abnnt 8250 candliv. 

Whenever fog ooourB tbe fog signal is founded by one engine. With the oorairrenoB of the foK 
between sunset and Buoriso, and with tlie dynamo-electrio moohincs going at the time, the seoond 
ealoric engine is started for the Eog signal, and tbe Ore is lighted in the retort of the third engine ; 
bnt if foar of the dTnamo^lcctric machinea happen to be at work at the tinie of the fog ooenrring, 
two are taken off toe light ; the engine which was driving these ii ased for tbe fog dgOLiI, and the 
third engine i« kept in rotdineia, with a himked fire, in case of aooideut to either of the other 
enginsa. 

The calorie enginea, Tig. 1221, are nsed to drirs tha dynamo maotiines. The oondooting eablea 
between tbe dynamo-electrio machines and the lamp in each Unlem, a distance of about 280 ft.. 



oonnst of nineteen copper wires of No. lii B. W. G„ corered with one layer of felt tape, llien 
inaulated with pare iniiiarahber, and covered with a doable layer of cotton tape, satnrated with 
indiambber solutinn, tbe eablee luring a diamet«rof0-425in. The conductivity of the oopperwire 
of these oahlee is 90 per cf nt. of that of pure copper. The cables are led item the dynamo-eleclrio 
machinea along the surface of the walls at the upper part inside the buildings, and are carried by 
means of wooden suspenilers secured to the walls at every 3 It. A. current changer is fixed to the 
wall of the engine ronm, and is so arranged that the current from any one of the dynamo-electrio 
machines, or any pair of machinea, may be promptly sent to the lamp in either of the lanterns. Thn 
lamps 'are six in number, being two for each lighthonae, and two spare. The lanterns are the 
Improved cylindrical helically framed, first order type of the Trinity House, at first intended for 
first order dioptric oil lights, and coneeqaently larger than are nally ut^vsaary fur acoomrooduting 
dioptric appantni for the electric light. 
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The optic«I nppanitns for the two Sxed ligbta, designed hj Hopkinann, and inanufactureil bv 
Chanoe Broa. and Co., ia of the uma dimeHBinlie and genenil nmneemetit aa those at the South 
Foreland, and the optical appuratuB for the electric light, eihibiteil 1^ the British Trinitj 
House at the Paris Exhibition, 1867, was ntilized in their construction. Both 1i|;hta liave their 
tbeal plane 227 ft. above high water of ordinaiy spring tid^B. and illuminate a sector of sea Burfaoe 
of 23S°, extending from tlia horizon to within { mile of each tower. In both the landwtird arc of 
light of 125° is utilized, in the same manner as in the Soutli Porcland apparatus, b; hulophol«g and 
" ' ' * " " ■■ ■ ■ Bnts are fulfilled very MtiafBclorilj. A sii-oencentric 

a eai^h apparatus as a stand-bf , in oiue of accident 
■■ ■ ■ 1 Siren, bv" ' - - ■ 

igitudinal 

vnlutionB a second, the compressed 
air, at a presanre of 50 lb. a square in., pawing freely into ibe drum, is in its passage through the 
■lila to tlie trumpet cut off tweWe timce in each reTolution, thus making 480 vibmtlons a socond. 
The compressed air is aoonmnlated in two receivers, of a collective capacit; of 334 cubic ft. The 
Siren is arranged for giving one blnat of fire seconds' duration every Sve minutes, the opening and 
■batting of the admiaeion valve for the blasts being effected by gearing, worked from the ijiafting 
whioh ttive* the Siren. The oast-iron trumpet, 15 ft. long by 18 in. in diameter at the mouth, 
b pivoted for setting in any direction in aiimuth over the illnaiuated arc, and it is always, wheo 
•onnding and with wind blowing 

at the tmie, pointing to the wind- imi. 

wwd portiou of the above are. 
OommDnioatlou is eatablished 
between tha engine room and 
tantema, also between each 
lanteni and the bedroom of each 
Ughtkeeper by speaking tabes. 
In the French lighthouse 
Intern in adopting electrical 
lighting at the Cape la HEve 
lighthoutea. it was found n 



Mrv to oonstroct an engine house 
wiUl ooal store, woikahop, 



il ooal store, w 
catch, and stonge tan^ fur 
water, a square room on the top 
of Baoh tower for the opLicul 
apparatus, and dwellinga for 
three additionalattendanto. The 
maohinery and apparatus consist 
af two portable steam engines, 
eaoh of 8 borae-power, and four 
Atlianoe magnet»«leatric ma* 
obities, each containing forty- 
eight helicea, arranged in six 
wheels, and fifty-six compound 
permanent magnets. The lan- 
terns which surmounted the 
towers when oil lights were 
exhibited have been removed, 
and the electrio lamps are placed 
in small cylindrical lantema 
made about 2^ ft. in diameter, 
projecting liom the seaward 
angle of the square service room, 
the arcilluminatedby each light 
being 275°, Figs. 1642, 1A3, 
which are respectively a plan 
and section of^tho lantern and 
watch room. The optical instru- 
ments in each tower consist of 
two dioptric apparatus of llie 
sixth order, havmg a focal dis- ' 
tanee in the central plane of 
150 mm., phiccd one above the 
other, and nimilar to the anange- 
roent adnpl«>l at Dnngeneas. 

Ea^h imtioil arrangement is i«,;, 

piovided with two Berrin lamps, 

and, in case of acoldent to the supply of the electric current, an oil lamp is piovided to be placed in 
the focus of the Ions. The intcnsilyuf the licht produced by one Alliance niagneto-elcctric machine 
in R Serrin lamp Is 200 bees, or French nnita, being equivalent lo 1920 candirs, or EngliBtr units. 
During clear weather only one magneto-elertrio mH<'liinD is employi d for cacii ligjjthoust-. With 
thick weather two magneto-electric mnchinos are aei-d, Tbc int.'n.ity of the light from the optical 
appamttis with the luminary of one machine in its fbcua is estimnlcd by Allard at 4500 Freooh, or 
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about 43,200 English units. With the laminary of two maohines in fooos this intensity is doubled, 
and would thus appear to be about 86,400 English units. 

Fig. 1644 is a section, and Fig. 1645 a plan of the lantern at Gape Grisne?: here two steam 
engines and two Alliance magneto-electric machines are placed in a room at the haae of the tower. 
The electric light is exhibited from a small oylindricnl lantern attached to the service room as at 
Gape La Hdve, the old lantern and optical apparatus being retained in case of accident to the 
electric light The optical instrument consists of a dioptric apparatus of the sixth <mler for fixed 
light, having a fc«al distance in the central plane of 150 mm. Around this are rotated vertical 
lenses for producing; the flashes, one lens being devoted to each flash. This optical apparatus, as well 
as those at the La Hdve lighthouses, was manufactured by L. Sautter, Lemonnier, and Go., of Paris. 

In the discnssion on Douglass's paper, Admiral Gollinson stated that on consulling the Ughta of the 
world, it will be found that about sixty distinctive characters are need. Bubbage, in 1851, thought 
it would be desirable that a number should be given to each lighthouse, that svmbols should be 
employed to represent that number, and that the lighthouse should keep continually reproducing it ; 
other suggestions had been made. Of late years the principal one baa been by Thomson, who nad 
suggested the introduction of the dot-and-dash system, in order that, by means of the Morse code, 
each lightliouse might be enabled to spell its own name. Practical seamen, however, thought that 
something might intervene between them and the lighthouse, and that they might begin to spell 
the word in the middle instead of the beginning. A ship might be interposed, or the lightkeeper 
might, in doing something in the lantern, interpose his head. It was therefore thought better to 
adhere to the system already in use, by which each lighthouse proclaimed its own individuality in 
a simple and unmistakable manner, and to let the sailor bear the onus of making himself 
acquainted with the special characteristic of each light. The great increase in the number of 
lights, however, had of late caused some complication, when fortunately Wigham, in experimenting 
with gaslight, suggested the plan of cutting up lung flashes into groups, by which method the 
Diiwer of tlie light would not be impaired, and the flashes could m repeated at short intervals. 
When it was ascertained that the system of group flashing secured an absolute equality of power in 
the flashes, and a more effective plan for distinctive purposes, it was at once adopted. 

Table I. — Ststem of DisriNcnvE Ghabactebs of Lights. 



Coast Lights. 



Flashing. 



1. White single flashing .. 

2. „ double ,, 

3. „ treble „ .. .. 

4. „ quadruple flashing . . 

5. „ c|uintuple ^ 

6. One white and one red flash . . 



,, M two red flashes 
Two white and one red flash . . 
One white and three red flashes 
Two white and two „ 
Three white and one red flash 
One white and four red flashes 
Two white and three „ 
Three white and two „ 
Four white and one red flash 

16. Bed single flashing 

17. n double ,, .... 

18. „ treble n ** **. 

19. „ quadruple flashing 

20. „ quintuple „ 



7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 



Mean 

Occulting, 

21. Single occulting 

22. Double „ 

23. Treble 

24. Quadruple „ 

25. Quintuple „ 



Relative 
Approxtnutte 

intensity 

present fixed 

White Light. 

100. 



550 
550 
550 
550 
550 
393 
340 
445 
314 
893 
471 
298 
861 
424 
487 
235 
235 
235 
235 
235 

393 



100 
100 
100 
100 
100 



Harbonr Lights. 



Flashing. 



1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



One white and one green flash 
„ „ two green flashes 
Two white and one i;reen flash 
One white and three g^een^ 

flashes f 

Two white and two green flashes 
Three white and one green flash 
One white and four green flashes 
Two white and three „ 
Three whito and two „ 
Four white and one green flash 
One green and one r^ flash .. 
„ „ two red flashes 
Two green and one red flash . . 
One green and three red flashes 
Two green and two „ 
Three green and one red flash 
One green and four red flushes 
Two green and three „ 
Three green and two „ 
Four green and one red flash 
Green single flashing 

double n 

treble „ 

quadruple flashing 

quintuple 



99 
ft 



♦» 



»l 



Mean 



Relative 
Appruximate 

Intensity 

present fixed 

White Ught, 

100. 



367 
306 

407 

275 

367 
458 
257 
330 
403 
477 
250 
271 
227 
282 
250 
216 
289 
262 
2.S6 
209 
183 
183 
183 
183 
183 

282 



In using different colours, to keep the flashes of the same power, it was necessary to put a 
greater space into the red light; and thus we have now the ]30wer of raising the intensity 
of the red up to that of the white light. In the foregoing table it will be seen that by cutting 



840 LIGHTS, BTJ0T8, AND BEAOONS. 

up the beam of light into two, three, four, or fire lecHoni, end emptojing the red ooloiir. 
Which, DB just stated, can be brougbl up to equal power with the white, uo less than twenty 
simple diBlinctioiw aTailubte for oneat illaniinBtion can be obuincd, the mean power of the light 
thns produced beia^ '693, aa agKinrt 100 Tor a flied tight Bf the introduction of green coloiur 
twentj-flve distinctioiiB conid be made aTailable for harboni lights, with similar advantages, 
namely, that every light would be of the eareie power and would show precisely the aame diatuice, 
no matter what the wi«ther might be. With the green ooloar intradaoed, the mean power of the 
light produced would be 282, aa against 100 for a fixed light. lu reference to thia qnestion of 
diatiiiction, no doubt the electric light is well adapted for the aDromplishment of the effeoti 
required. By ita aid the flashea were rendered intense and forcible, and the tranrntiona from light 
to dnrkneaa, and the reverse, were oleail; defined. 

With lefurence to the optical instrumente employed In lighlbnasee, Thomas Stevenson states 
that the two most important sre the hulnphotal totally reQeoting prieniB, by the single ngency of 
which the rays are pamllelized buth io the horizontal end verticnl planes: and doubly reflecting 
prisniB, by which metallic agency waa ultogetiier dispensed with, and dir^tric apparatus by gloss 
■nbatitat^ in its place. In applying tiiese instrumentB ti> some of Ihe optical arr.ingements in nso 



which admits of the mora rosy adoption __ ._ ,._ 

front, so St to pause the light coming from those behind to pas 

front prisms. At Lomlaah, where the twin prisma were flrat employed, the apparBtos has been 

thus made so oompaot, as to lednoe to a large extent the die of the li^t-room which would of' — 



wisahavebeenreqnired, while the loss doe Io absorp. 
UoD in pesfling Ihrongh the glass has been also male- 
ritLlly reduced. The grealent amount of oondriisation 
BtevcDson has had to carry out was at C^pe Van 
Diemen, New Zealand, where the whole 3&P waa 
ooudenaed uniformly over a sector of 80°, Fin. 
18)7. 1648. 

A further improvement, incrensing the extent to 

which total refli-ction t^n bo carried, are tho buck 

prisms. The Freancl form of prisms is timiti d in its 

optical action to the critical angle, which, for most 

n to 90°, beyond which angle thoae prisms are ittopeiatiTe; 

. . . sary, be mode to render the rays pamtlel up to Dearly 180°. 

n the holophote, Fig. 1640, by the letters a, r, g, h. 
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The sppliMtian at the Biimuthal oonitensing prisou to dioptrio reTolviiiK, fliiBhlng, Mid inter, 
mlttent lighta, dne to T. Stevenson, ui delineated in Figs. 1650, 1651, and it ronsist* of ttreigbt 

CiimB reToIviiig ronnd a flied light apparntai. In the arrangBment Kiga. 1650, 1651, these priamg 
teK'ept the light «o (la to prodiioe perfect dsTknesa over tlio are tliej anbtonri, wLile the light 
which falls upon them, instend of being p«rallelized, is apreml uniformlj oyer the intonnediate 
netora of light wbioh come from the fixed appantoa. B; this mode the nse of double agents is 



restrietod to ocrtaln portions of the apparatua onlj. Thai the power of the light is Inoreased, in 
direct proportion tu the dnration of Uie intervening periods of darkoeM, for tlie ra^ wliioh are 
Inteioepted b; the uptight ptiiimB are Iwnl, *o as to beoome aDiilion to the iutervening illuminated 
KetoiB. Keglertiug the loss due to alworptioa, the power is dunbled when the periods of liK:ht and 
darkness are equal, trebled when tlie periods of darkDeas are twice as long as the light, and ao on 
in proportion ; wliile in ever; case the mys are spread with rigid eqnalil^ over each illuminated 
sector. The periods may, vrilbin oertain limits, Im made nnequal; at ooloared lights may be 
adopted, in wnioli the power oould easily be eqoalized. 

My nsing Iho principle of tlie differential lens, it, in this caw, beonmes a differential oylindrio 
refrootor, whose centre of inside curratore is ex-fo(«l, that takes the place of the oontml refracting 
drum in Fnsnul i fixed light. !□ the Hull of Oalloway appatstus. oil the parte of whicli rerolve 
together, this diSetential refractor, marked A B in Figs. 1652, 1653, would be n mcnisciu in 
hodioiital section, so as to condense 60° into 40°, which is needed to give the required cbamoteristio 



of the Mnll of Galloway, namely fifteen seconds dark and thirty seconds Ii(!bt. The vertical profile 
of this Instrument will lie the same as that of the ordinary pylindrio refractor, while the upper and 
lower joints will be oonves oonoidal and coni^ve conoiilal respectively. By the coiopannd action of 
this single agent the whole effect of the intonnitteat ll^bt will be produced, so tliat two agents 
are saved at the central refracting part of the apparatus. The stmight prisma will not, therefore, 
extend beyond the upper and lower cupola of reflecting prisms. The difflcnltj of execution 
prevented the application of the same principle to the upper and lower prisms. 

Both the diSerential lens and refmotor are welt adapted for the requirements of the electric 
light. In experinents made at Edinburgh, in 1868, by Stevenson, with the oommon plano-convex 
lens with the ordinary lenticular divergence, the differential lens with 2}° of artificial divergence 
in admnth and («dinery vertical divergence, and a doable lens having 6° of art'flcisl divergence in 
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acimiith and 3^ in altitude, the following resnlts were obtained with the liquid photometer;— 
Plano-convex lens = 1*00; differential lens = 0*90; double lens = 0*75. The result shows tliat 
the double lens is not only mnoh inferior in power, but that the distinguishing peculiarity of the 
electric flash was so far lost ss to assimilate it in a great degree to the oil lights. This seems to 
show that the highly distinotiye flash of the electric light, when acted on by opticnl apparatus, is 
not so much due to a greater amount of light as to the more complete parallelism of the rays, effected 
by the refracting medium through which they passed. 

The dioptric combinations employed in the lighthonpes referred to pp. 835 to 8S7, were entrusted 
to James T. Chance; they are clesoribed in the M.LG.E., vol. IviL, from whence the succeeding 
account is condensed. 

In the Fresnel, or dioptric, apparatus the source of light is placed in the centre of a structure of 
rings, or annular segments of glass, of soch generating sections that all the incident light may be 
condensed and directed upon the sea. This condensation may take place only in vertical axial 
planes ; in that case the sea is uniformly illuminsted in all directions in azimuth, and the apparatus 
IS termed a fixed light The sphere of light may, however, be divided into various portions by 
▼ertical planes through the centre ; and each segment of light may be condensed both vertically 
and horizontally. The result is a nnmber of separate solid beams ; and, in order that ihey may be 
seen by the mariner, the apparatus must be made to rotate. This, accordingly, is called a revolving 
light 

The ibllowing preliminary remarks refer to fixed lights ; and the term divergence is therefore 
used for that in a Tertical plane only. When a flame is employed as the luminary in a lighthouse, 
it 1b not enough to cause the rays from any point of it to emerge in parallel directions; for the angle 
of divergence arising from the height of the flame must also be compressed within useful limits, in 
order to avoid waste of luminous power. This can be effected only by enlarging the diameter of 
the apparatus proportionately to the height of the flame. But even the largest apparatus now in 
use, tnough 1 *84 metre in diameter, is inadequate for the increased flames introduced of late years 
into lighuouses. 

There is manifestly great economy in employing a small instrument; and also an evident 
simplicity in adopting one whose radius is short enough to enable a diminutive radiant, by the 
▼ertical angle it subtends, to afford all the divergence wanted for covering the sea to the requibite 
disiuice towards land. But the carbon points of the electric light cannot yet be depended upon for 
immobility upwards or downwards, so that there is always a contingency of a change in the direc- 
tion of the angle of emerging light, inasmuch as this moves together with the radiant itself. There 
is, moreover, no proper gradation in the intensity of the illumination of the sea at different distances. 
The light whicn is emitted npon the sea at a few mUes from land may be as powerful as that 
which is directed towards the horizon, whereas the quantity of light thus lavisljea on tlie near sea 
ought to be added to that which is transmitted to the horizon. 

With the flame a gradation of light does exist For example, according to Allard, with a first 
order fixed apparatus, having a lamp of five wicks, out of the total quantity of light included in a 
solid angle of 6^ in height, 45 per cent is contained in ihe angle of only 1^ in height that is bisected 
by the horizon direction. The Fresnel system of zones renders it easy to imitate with the electric 
light this effect of gradation, so ss to allot to different dibtances on the sea whatever proportions of 
the total quantity of available light may be desired. But to attain this end, and to eliminate the 
defects which have been indicatea, it was necessary to abandon, in the case of the early use of the 
electric light, the plan, however obviously suitable to fiames, of dep<^nding upon the height of the 
luminary for the required vertical divergence, and to be thus free to reduce considerably the diver- 
gence due to the height of the light so as to be able to utilize this radiant to the best advantage. 
Tliis could be accompliBhed only by employing an optical instrument of much increased diameter. 

A portion of this larger apparatus may still be allowed to parallelize the radiant light ; thus 
the emerging beam, now ^datly compressed, may be devoted to illuminate the horizon and distant 
sea, while spiecial generating sections may be given to the rest of the apparatus, so as by suitable 
angles to distribute the illumination from the horizon towards land, to such distances and with 
such gradation of intensity as may be desired. 

The divergence due to the luminary will, of course, always move with it, however large the 
apparatus may be, in case of deviation of the carbon points from their proper position ; but when 
it IS borne in mind how small an angle of divergence, generally less than 15', covers as much as 
three-fourths of the sea from the horizon inwards, it is clear that no such displacement of the 
carbon points could cause the sea to be left in darsness, provided that a due angular margin be 
allowed, between the direction of the horizon, and the upper boundary of the special divergence 
obtained from a portion of the apparatus. 

- With a large instrument, moreover, luminous power may be spared for spreading light by means 
of particular zones over any special part of the sea. This will be exemplified in <te8criDing the 
Boutii Foreland lights. Generally, the rays issuing from the electric light can be controlled by the 
IVesnel system of indepNendent zones, so as to be made to illuminate any pert of the sea with any 
required relative intenidty. Such diversion, however, of any light from the horizon could not he 
permitted if the whole emerging light has unavoidably, as in tho case of a small apparatus, a large 
divergence. 

It would be superfluous, when such urgent reasons exist for preferring a large appamtns, to 
adduce other considerations of less importance which confirm the same view. 

Since the construction of the apparatus here described, a great advance has been made in the 
electric light itself, and certain modifications have been adopted, which produce varying intensities 
in different directions in azimuth. These latter changes, if maintained, will have to be taken into 
account in designing future apparatus. 

It was a matter for consideration whether two condensations, the vertical and the horizontal, 
could be effected without employing two optical agents. No difficulty of this kind presents itself 
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[& the rMe of & flunp, tnt nil thai hoi to be done ig to n nder eeeh acgmeat of tlie apptntni lentt- 
cnlu, witb its pTLndpol focoa In the appropriate point of tlie ulB of the tUme,and then the vertical 
and borizrinlal divergence)! are those mrreapunding to the height and breadth uf the flame ; ot, in 
other vcmlH. an image of the flume itsrir ia fomioi eiteruall; br eecL segment, si would be made 
evident b; throning the beam on a white acrtcn placed in the dark at a Buitable diBtaiic«. Bat 
to treat tlie eliclnc liglit in thi« wey would not eatisfy tlie requiremenla of tlie mariner, for the 
horizontal divergence would be ta amall, tliat Ibe duration of tbe flush on Ihe eye of the observer 
would be only momentary. If tlie diameter of the electric arc be taken to be 1^ mm^ the duraiiiHi 
of the flunh would even then be under one aeooitd, onleas tbe inteimls of darkneas be loo much 
prolonged. 

To conaider then, first, the aniiQlar lens : the idea whioli at once ntanifeetlj presents ilaelf ia bo 
to shapa its luoreaalve generating aectiona Ihat they will give Ihe required horizotitiil divergence. 
One-hair, how< ver, of the inCTeased verticil angle, which woold acoompHOj tlie horizontal diver- 
SDDoe, would be beitowed upon the skj. 

A. Brebuer propoaed to remedy this defect to some extent by dividing the lena at the horiiontal 
oeutial plane, und lowering the upper half, so that the upper half of verticiil divergeoce ahoald be 
inperimposed upon the lower ' 

and the total angle be thus ' 

rednoed to one-half. But tlie 
two divergences, horiiontsl and 
vertical, would still bu left to be 
oonnsL-ted together. 

Stevenson propoaed to obtain 
two independent divergences by 
ailopting Ihe p'an, devised l^ 
him In 1861, of giving to the 
inner surface of FresneT'a annn- 
lar lena two different ooncave 
curvatures, the one horizonlal, 
the other vertical. An aecouol 
of tliis ountrivanoe will he found 
in Btfvenaon's treatise on 
'Lighthouse Illumination.' 

In 1870, when J. T. Chance 
wat eutnuted by tlie Trinity 
House with providing optical 
spparstos for the electric light 
at Souter Point, he derided to 
adhere to the q-tlem which bad 
been adopted in Franoe for re- 
volving lights with the electric ~- — 

arr, and which indeed, as late as 

18.11, was nsed tliere to rondense horiionhitly the light emerging from tlie catadioptric uortiona of 
a Frnmi'l apperatua. This Bvaleni conaists of a fixed light surrounded by a polygonal drum, euob 
iif whose sides is composed ot straiglit vertical lenses, so shaped as to give the required horizoiilul 

Fig. 16M is a vertical section uf the apparatus at Sonter Point, and Fig. 1656 a half sectional 
plan through the focal plane pp, c c iDilicatiog tbe centre line of the light. Pig. 1655 ia an elevatiuu 



-mS^^-j 



of the bolophole and horizont.il prisma. At Houter Point the ligiit liud to Ih; vmible during live 
seconds every half minute, thus leaving an interval of darkiie« of twenty-flve seconds' duration. 
The dispositions are as follows ;— The electric light Is placed at the oentre of a flzed apparatus of 
1 m. in diameter, and embricing I8U° horimntally. The refr.ictiug portion consists of a middle belt 
and of twelve lones. six of which are above the belt, and six similar ones below it. The wliole 
aeries subtends in height an angle of 66° 42' at tbe ocnire. There are ten upper catadiaptric 
zone«,BnbleDdmgat the focus a vortical angle of 43° 20', the lower side of this angle being iDcfined 
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to the focal plane at 85^ 2' ; and aUo eight lower oatadioptrio zones embracing a yertioal angle at 
the focus of S0° 17\ its uppor boandary making with the borizontd direction an angle of 35^ 14'. 
Hence 140° in height out of 180° are acted upon by the glass portion of the apparatus, but the 
actual portion of the whole of the light contained between any two meridian planes intercepted by 
the zones of glass is 92 per cent. 

The apparatus is divided, as regards vertical divergence, into two distinct sets of elements. The 
middle refracting belt, together with the three zones next above and the three zones next below it, 
are made to give a divergence of 1° above the horizon and 3° below it, in addition to that due to the 
dimensions of the electric arc; wliereas the three highest refracting zones and the three lowest 
zones, together with the whole of the catadioptric cupola and all the lower catadioptric group, 
depend for the divergence of the rays issuing from them, upon the angles subtended at each of them 
by the electric arc. To the 3° of special divergence provided for the sea must be added half of 
the luminary divergence. If 9 mm. be taken as the height of the electric aro with one machine, the 
total divergence on the sea will be 3° 81'. The focal plane of the light is 150 fL above high water, 
00 that this angle of 3° 31' will extend up to 772 yds. from the tower. 

The angle of I'' above the horizon is allowed, in order to provide for any ex-focal displacement 
of the electric arc in a vertical direction ; bnt this allowance, as it concerns the maximum intensity, 
is only 29^, for the semi-angle due to the size of tlie electric arc, taken as 9 mm., has to be 
deducted, inasmuch as the maximum intensity would extend over the whole angle, on tlie supposi- 
tion only that all the lii^ht proceeded from a mere point, instead of from a radiant having magni- 
tude. The addition of the divergence of the radiant to the special divergence g^ven by the 
apparatus, causes the latter angle to open out, and therefore diminishes the luminous intensity of 
the expanded beam at each of its sides, in regular gradation, over an angle equal to the divergence 
due to the size of the radiant, one-half of which &irs within the angle of special divergence. 

The revolving drum consists of eight equal sides divided into three panels in heistbt, each of 
which is composed of seven vertical lenses, one in the middle and three on each side of it, their 
height being equal to that of the fixed apparatus within, the diameter of the inscribed drole of any 
horizontal section being 1*40 m. The generating section of each lens is such that the light which 
falls upon it from any point of the luminary is spread over 7° 8' in azimuth, the axes of the 
emeiging beams firom eaoh of the lenses of any one of the eight sides, being perpendicular to the 
interior face of that side. While therefore the angle of horizontal divergence belonnng to any side 
of the ootasonal revolving drum is passing across the vision, all the seven vertical lenses appear tj 
the eye to be simultaneously illuminated. 

The diameter of the electric aro, as originally communicated to Chance, subtended an angle of 
only 22'; and this, added to the special divergence of 7^ 8', gave a total divereenoe of 7*^ 30', which 
vras expressly calculated to give 5" of flash ; but the diameter of the carbons has since been 
increased to 9 mm. for one el^rio machine, and to 12 mm. for two machines. 

The sections of the lenses are so calculated as to spread the light uniformly over the angle of 
horizontal diveri^noe, and, except for a small angular space on either side of this angle, arising from 
the additional divergence -due to the diameter of the luminary, there is no waxing and waning, such 
as is Uie case when a flame is the source of light, but the full brilliancy of the flash comes almost at 
once upon the eye, and so continues for nearly its entire duration. 

It is evident that where the flash is most intense in the centre, and becomes gradually weaker 
towards either boundary of the angle, the visible divergence and therefore the duration of the flash 
diminishes as the eye recedes. On the other hand, the maximum intensity of the flash suffers a 
diminution corresponding to the maintenance of a uniform intensity throughout the entire angle. 

With a flame there is no choice ; the increase of the intensity from a minimum to a maximum, 
and then the reverse gradation, are its necessary concomitants. Thus in a first order revolving 
light, with a five-wick lamp, according to AUard, the intensitv of the middle of the flash in the 
middle of the focal horizontal plane is 7150 French units ; but if the intensity were uniform 
throughout the whole angle, its mean value would be only 4700 units. 

The electric light, however, can be easily made to exhibit the appearance of waxing and waning 
in various ways, such as by eocentring the upper and lower panels of vertical prisms, so as to 
produce any gradation of intensity that may be desired. 

The fixed light embraces only 180^ in azimuth, so that a hemisphere of rays from the luminary 
was available for any subsidiary purpose. Douglass proposed to condense the chief part of this light 
in a horizontal direction, and by means of reflectors to bend it first vertically downwards and 
again horizontally, and then to transmit it through a window in the tower 22 ft. below ^e appa- 
ratus, for the purpose of marking ct-rtain dangers in Sunderland Bay. In ordur to accomplish 
this, a segment of a holophote of 150 mm. ridius is used, to condense 54*6 per cent, of the Wk 
hemisphere into a nearly cylindrical beam. This is intercepted and sent vertically downwards, by 
a group of five right-angled straight catadioptric prisms, upon a group placed directly below them 
of five similar prisms, by which it is transmitted a second time horizontally. These latter prisms, 
however, are curved lengthways, so as to cause the emerging ravs, which otherwise would form a 
nearly cylindrical beam, to converge at an angle of 31^ within the tower, and thus to diverge on 
issuing from it at the same horizontal angle ; and the generating sections of these concave prisms 
are so shaped as to produce a dipping light, limited within the vertical angle required to cover the 
desired distance on the sea. 

Figs. 1657 to 1662 refer to the dioptric apparatus at the South Foreland. Figs. 1657, 1661 are 
vertical sections. Figs. 1658, 1661, elevations of the holophotal semi-lenses, and one vertical prism, 
and Figs. 1659, 1662, half plans ; p indicates the focal plane, c, c, the centre line of each light, and 
A, A, the horizontal axis of eacii holophotal semi-lens. L'here are two lights. The high light has 
its focal plane at an elevation of 372 ft. above high water, and that of the low light is at an elevation 
of 275 ft. 

A third order fixed apparatus is used with the high light. The refracting zones. Figs. 1657 to 
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1639, are made to q>T:'ad the light hlling upon tbem from the («iitnil facQK OTer vwioua anglei of 
Tertical divergenee, all of which camnwiice 1° above Che horizon direction, bat extend to iocreiuiiiK 
aD;^lar distance! below it. Tliiu, the belt aenda ita light np to 1°, tlie fifth and aii pairs of zonea 
above and Ulow it to li", tlie fourth psir to T. the tbird pair to 2i°, the Mcond pair to 3°, and the 
fimt pair np to 5° 24}', wbich oorrespomli to 1174 yds. from tho tower. 

While, therefore, eaoh of thene angina of vertical direrniDoo inolndea the horizon, they follow 
eaohotheTinBDcoesaiua,reaohiiig(aftherandfarther, until the largeat angle brings the Uluminatioo 



\ \ \ 



up to the required diitaaoe from the lighthoiue Itself. It will be observed that the leoMS above 
and below the middle belt aot together in pairs, the object being to provide for the oontlDgencf ^ 
any part of the light from either one of them being intercepted by a bar of the laotera. The %ht 
iuoirlent on the npper and lower series of eatadioptric prisms is parallelised, ttnd diieoted towards 
the horizon. 

The fixed third order Instnunent tllnmlnee 226° in azimuth, so as to leave an are of 134° of 
spare light an the landward side, which is employed to ilrengthen the front or seaward arc in the 
high tight, by means of the following opticftl arrangements ;— A small spaoe Id the middle of the 



landward are is required for introdnclD^ or removing the eleotrio lamp, bat neorly all the remaininK 
available light is need to inteneif^ the illnmination of ttie front nro. For this pnnioee a holophotal 
icmi-lena. in a rectangular panel, is fixed on each side of the rearward boundaiy of the main instru- 
ment, so as to have its foous at the eli'ctric are. The foGol length of eaoh lens is 167} mm., and ite 
axis lies in the horizontul Fooil plane, and is coincident irilh the landward boundary of the front 
arc. On eaoh side of the apparatus is also fixed a aerica of five vertical prisms of the usual kind of 
glass, 533 mm. in heiglit, of which one is re&acting, having its Bat side pcrpendiculur to the axis 
.- --- — a adopted by FrcBuel. and the fifth is B 



of the lens, three ore catadioptrie of tho ordinary section a 

back prism of the form suggested by Stevensor ■—:"' 

beyond SCP. This is refeired to in Fig. IG49. 



haaV prism of the form suggested by Stevenson, as admitlingof the deflection of light oonsidei^Iy 
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The form used by Fresnel was limited by the restriotlon of making the two refracting sides of 
the generating section coincident with the paths of the two extreme incident rays, so as to secure 
the minimum ttiickness of gLiss. No one, however, can doubt that Frosnel would in the flnt instance 
express his formulsa iii the most general terms, but in the apparatus which he invented any deflec- 
tion beyond 90^ by totally-reflecting prisms was not required. This series of vertical prisms inter- 
cepts the beam which emerges from the lens, and deflects and spreads it uniformly over the one 
half of the illuminated arc. The various sections, however, receive different quantities of light, so 
tliat, in Older to render the emerging light of uniform intensity, the sections must be so calculated 
as to have angles of emergence independent of each other. For this purpose the generating section 
of each of these vertical prisms has its own distinct focus. 

In the low light, Figs. 1660 to 1662, the lUamination of the sea was to be brought even nearer to 
the lighthouse tiian in the previous one, namely, up to 304 yds. from it. To effisct this, the middle belt 
is divided into four zones, two immediately above and two immediately below the focal horizontal 
plane, and of such sections respectively that the two upper zones sproad out their light from the 
«iirection of 3° 41' below the horizon line up to that of 17° 23', which corresponds wil£ the spot of 
304 yds. from the tower; and the two lower zones spread their light from the direction of 5° 11 
below the horizon liiie, also up to that of 17° 23'. The refracting zones above and bdow are 
made to act the same as in the high light, and all the catadioptric prisms likewise parallelize the 
light incident upon them, and transmit it in the direction of the horizon. In the low light the main 
apparatus illuminates 199° in azimuth, ho that the arc of spare light is 161°. The available land- 
ward light is utilized, as in the manner just described, by a semi-lens and vertical distributing 
prisms, placed on each side of the back of the main instrument These vertical prisms are six in 
number, and consist of one refractor, four Fresnel prisms, and one special prism for deflecting beyond 
about 90°. 

At the Lizard there are two lights, exactly alike in construction ; and in each of them the whole 
of the apparatus, except the five refracting zones below the middle belt, is calculated to parallelize 
the ravs from the luminary. These five zones are diverging ones. The first, namely, the one 
immediately below the belt, together with the fourth and fifth, co-operate as if only one zone, in 
ranging from the horizon to 9° 30' below it. The second and third co-operate in the same manner, 
and together range from the horizon to 9° 30' below it. 

Table II. — Gondensino Poweb. Fob the Hobizoit and Distant Sea. 
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Tvoo Lizard Lights^ Fixed, 



Catadioptric zones 

% ^ Belt and upper zones 

•^ -5 ^ Lower zoues dipping to 9° 30' 
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South Foreland, High Light, Fixed. Elevation, 
375 ft 



OondoiMtion. 



South Foreland, Low Light, Fixed. Elevation, 
290 ft 



Two Lizard Lights, Fixed. Elevation, 227 ft i\ 
Bonter Point Light, Revolving. Elevation, 150 ft. I 



23*481 

15 038 

12-421 

4*089 

2*699 

1-242 

16-714 

15-441 
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2-699 
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2*7256 nant miles. 
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1-5319 
1*2576 
1-0667 „ 
1174 yards. 
1 * 5505 naut miles. 
1*2070 „ 
2003 yards. 
1696 

974 

804 
1*0323 naut miles. 

441 yards. 

855 „ 






The South Foreland lights were entirely made expressly for the Durpose,but those at the Lizard 
had to be so arranged as to utilize the chief portion of a third order fixed light, which had been 
previously constructed for the Trinity House, and the optical arrangements had to be accommodated 
to this restriction. 

An arc of 235° in azimuth is illuminated in each of the two lights, so that in each case the 
auxiliary apparatus has to produce a maximum deflection of 120®. This consists, as in the South 
Foreland li^ts, of a holophotal segment of 187} mm. radius, and a series of vertical prisms on each 
side, comprifiiog one refractor, two Fresnel prisms of the usaal glass, one Fresnel prism of dense 
flint, and one iMck prism of dense flint The small holophotal segments are movable round vertical 
axes to allow of manipulating the lamp. The apparatus at the two Lizard lights was designed 
by Hopkinson. 

It will have been observed that in all the lights which have been described, the chief part of the 
important duty of providing the horizon and distant sea with the most intense illumination, has 
been made to devolve on the catadioptric zones, and on the refracting ones which are fiirthest removed 
from the horizontal focal plane. The directions in any vertical axial plane of the electric rays of 
chief intensity seem to justify this arrangement, but it is also worth noticing, that the angular effect 
of any ex-focal deviation of the carbon points, diminishes in proportion as the angle increases at 
which the direciion of the light is inclined to the horizontal line. 

The angle of vertical divergence belonging to the auxiliary apparatus of the South Foreland 
and Lizard lights, is that only which is caused by the size of the electric radiant If its height be 
taken as 12 mm. this angle is 3° 40', and the illumination obtained from the landward arcs is 
valuable, not only in strengthening the light emitted from the front arcs, but also in combining 
this larger divergence of the luminary with the smaller similar divergence from the' main 
instrument 

Tables IL and III. of condensing power are calculated for a diameter of the iUuminant of 12 mm. 
The column P refers to those portions of the apparatus which parallelize the incident Ught, and the 
column D to those which sfive it divergence. 

The column P in Table II. is calculated on the supposition that the diameter of the luminary is 
12 nmi., and that the intensity is the same in all directions in the vertical plane, tlie mean distance 
for the catadioptric cupola being 687 mm., and that for the lower catadioptric cupola being 759 mm. 

For any other diameter of the luminary, or for the alterations of the mean distances of the upper 
and lower catadioptric groups respectively, consequent on a variation of intensity of Ught in the 
vertical plane, the above data will render easy the requisite changes in the figures whid^ denote the 
condensing powers of the parallelizing portions of the apparatus. 

MACHINE TOOLS. 

The progress in constructive engineering is always closely connected with the means of effect- 
ing improv^ work, and of these, machine tools form a most important feature. Although few 
radical changes have been made oif late years, yet there have been many improvements in points of 
detail, and many of these will be found illustrated in this article. 

Lathes. — A lathe designed by W. Silver Hall, of Nuneaton, presents several special points of 
interest Its general arrangement, Fig. 1 663, is that of a screw-cutting lathe with centres 7 in. above 
the bed, which is 11 in. deep and 13 in. wide across the top. The leading screw is placed in front of 
the bed, is 2 in. in diameter, and has two threads to the inch. The form of thread adopted is similar 
in cross^section to the tooth of a spur wheel, thus affording ample wearing surface, while it is more 
easily engaged and disengaeed than is the case with a thread of square section. There is nothing 
special about the driving headstock, except that the face-plate A has cast on its back a spur 
wheel B, gearing in the proportion of 3 to 1, into the pinion G on the shaft D, which extends the 
whole length of the lathe to the following headstock. can be slid in or out of gear by the clutch 
fork and lever E. A mark stamped on G, corresponding with three marked positionB on the face- 
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plate. Fig. 1663, eugnrea that they (hall almtjK be plaoed in geai in a certain definite lelfttion to 

each other, and tiiia is a mattor of importance. 

The raddle and slide rest ai« gbown in Figs. 1664, and 1665. The cross sliSe haa a yhj long 
bearing, and the ireariog siu-facaa and «crew are Kelt protected from dirt aod BbaTinga, as u alto 
the lining B<Teir. The cutting tool for MteiT cutting ia of peculiar form, being port of a steel ring 
careful ly tumod up to ahape. And t)iun cut oannder and hardened. It will be seen that it odIj 
requires to bo ground atmight across its eud itben requiting to be sharpened, and that the oorrect 
angle of tlireiul is oonriontl; preserved. Two of these loob, each diunped b; a single not and 



«ranb«r, are fixed in a V->l">ped block F, fiirming the tool holder, which is pivoted on th« top of 
there8t,andise«pableofswlTelliDg through an angle of 27^°. In the poaitiou Figs. 1663 to 1665, 
the right-hand, or acraw-ontting tool, ia in contact with tbe work to be abased, while that on the 
left hand is Jost elear. ' In tbe other position of tbe tool-holder, the flat edge of the left-hand toed 
ia brought up, as wonld be required to top off the tlireadi of a taper tap. The tools being adjoated 
just lerel with tbe top of tbe rest are alwaja at tbe right height for Uieir work, and ano^ei feature 
In Uiis tool-holdtt, is that tlie correct rake of the toollsalwajagiveQ. Horeover, (7- adjusting the 
graduated bandwheel L to any given position, the same distance of the tool point from the centre^ 
and oonseqaeutly tbe Mme diameter of work, is always ensured. For cutting a left-handed thread 
tbe tools must be turned end fbr end, a aeoond tool-bolder properly grooved to fit then io this new 
petition being substitnted, while for ordinary work a block with atuds and orosabam, piociael; like 
the top of an ordinar; slide rest, can be put on instead of tbe swivelling tool-bolder, in a few 



The lettling screw ia clamped or released by the handle O, which is veir oonveniently situated. 
The clamp uat has a long bearing and elnsps both sides of tbe sorew. For bringing back tbe 
saddle to its fliat position, after taking a cut tbe length of the screw, tbe handwbeel H and wonn- 
wheel K, whioh lias twenty-four teeth, are employed, the wormwheel and leading screw acting as 
rack and pinion, and as the wonnwbeel ia m gan-metal and the screw baa a voir large wearing 
(urboe, this may be done without any injnry to tile serew. This wormnheol and bandwheel also 
perform another important function. When the screw Is not clamped, nnd the saddle is (tationoir 
OD tbe bed-plate, the bandwheel, which ia giadnated with twenty-four divisions, ourrespondiog with 
the teeth on the wormwheel, will be Ken slowly to revolve, bringing each division in tnm oppodto 
to the index J, Figs. 1663 and 1665. In these positions only can the leading screw be clamped, so 
by watching them tbe workman knows at once when to raise the handle O, without grinding the 
ciamp nut over tbe surface of the screw until it will drop into position. Again, it is well Imown 
that to cut certain pitches, for example, eleven threads to the inch, it ianeceaeary to clamp thescrew 
aa every aeoond revolution, and if it ia clamped at an intermediate ravolntion the tliread will be 
split. The usual method of doing this ia by watobing for the coincidenoe of a chalk mark en the 
face-plate with another on tbe leading acrew, bat in the lathe in question this is provided for by a 
aeoond gruduated ciicle on the handvbeol H, having only twelve divisions. There are also other 
circles divided into eight, six, and four parts, but these are very seldom reqnired. By winding the 
eorew L of tbe nroaa slide, back to its fallest extent, the slide rest can be slid off entirely, leaving 
the saddle, whiob is provided with anitabte slots and bolt holes, clear for boring small cylinders, 
pedestals, or for other general or special work, 

Uan; attempt* have been made to contrive a satisfoctury method for giving the relief, or 



, BO thftt thoy shall not reqaiie 

the threwlB, leaving the full 
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baiUng-ofr, reqtdred In grrew taps during the opemtion of ohaiini 

BQigbing by hand-filing which after all can only relieve tho tops u 

bearing Horfaoe at ttie bottoniB nod aides. As the required relief ia 

accurately proportioned, these attsmpta liave usoallf failed, owing to lae nimcuiiy or aqjiiBuneni in 

the flrat instance, and of maintenance free Irom looeeneai aud barklash afterWHrds. This is olTreted 

in Hall's lathe by tlje peculiar following or poppet heodetook, Fig. 1663, find in detail to a larger 

scale Figs. I66T, 1668. 

The shaft D, which u driven by the pinion C off the faoe-plate wheel B, and which makes 
three revolationa for every one of the lathe mandrel, imparts a similar triple revolation through 
the pinion H and the idlen N N 

to the pinion O, which ia keyed on "*'■ "*"■ 

the tnhular mandrel P. Tliis 
mandi^l revolves in adjustable 
conical bearings in the following 
headstock, hat ran be clamped 
when not required for use by a 
screw wedge st Q, niaoh as in an 
ordinary headstovk, and contains 
the ram It, which is propelled and 
withdrawn by the screw B and 
handwheel T, and clamped by the 
wbeel-nnt U. The nose of this 
ram la hored eoontrically, ^^ in. 
out of the centre, to receive the 
foue centre V. The mandrel T is 
caused to revolve, carrying with 
it R. 8, T, U, and V, anil a tuming 
tool being applied to the latter it 
is tamed np, of course truly oon- 

oentric wtlli P, and its position carefully marked 0, Fig. 1670. If now it i^ turned half round in 
its seat the point will bo ^ in. out of centre, and when revolving with the mandrel P will deeeribe 
* dnle { in. in diameter, and its adjustment for any lea eccentricity may be made vitb very gieftt 
delicacy, being measured on a graduated circle S in. in circnmferenoe. 

A rod or ouer article tkimed between centres will, consequently, approach to or recede from the 
oattins tool three times in each revolution, and at the following hcodstook end will receive the 
form i^ the upper diagram. Fig. 
1666. This eocentrtcity will 
decrease towards the driving 
head stock, as in the centre 
dJHicram, apptoaohing nearer 
and nearer to the true circle. A 
tap chawd on this principle will 
consequenlly have plenty of 
clearauoe, or relief, at the com- 
meuoement, nhile the final cut 
is made br that portion ot the 
tap which IS nearly circular, nnd 
a very truly tapped nut is the 

By a cnrions bat not diffionlt 
calcnlation, the mark on the 
face-plate oorresponding with 
the fullest ddc of the tup, which 
varies with the dcfn'ee of eccen- 
tricity adopted, which we will 

suppose lobe seven, ss shown in Fig. 1669,1b ibnnd, and by bringing this number, which is TEr— 

three times on the faee-plale, opposite the point of the ecriber W, which is eet to the height of the 
lathe centre, three lines may be scribod on the shank of the tap before removiDg it fnnn the ^the, 
giving the exact position of the cutting edges. 

As the variation of radius from the tme axis is alternately in excess of, and less than, the 
normal radius, and as it ia necessary that the point of the tap shonid enter the same sized hole as 
if it were truly circular, it is necessary to let the following Deadstock as if for taper turning, for 
which putpose it is fitted with a cross slide and screw with graduated bandwheel. This a^ust- 
ment being very slight, does not interfere with the gearing of (he pinion M and fijst Idler N, Figs, 
16GT, 1668, which at the oommonoement are set rather deep in gear. 

By adopting a double instead uf a treble ratio in Ine eocentric gear, an elliptic figure ia 
obtained, and in this manner, and by varying the dintanoe tietween the &ont and back centres, the 
blocks or moulds can be oblaiiied in endlees variety, and ef any shape. 

Figs. 1671 to 1673 are of a screw-ontting ond tumiifg-lnthe, eonatructod by Ferris and Miles, of 
Philadelphia. It has been designed to afford a qaick and convenient method of cutting screws of 
different pitches, and of cliaoging from taming to screw-cutting, or the reverse. 

The cone spindle a extends beyond the end of the Inthe, and carries upon it two sliding pinions 
6 1 of different diameters, upon whose boss plays a doublp-slotted swing-arm c. This arm may carry 
by means of the straight slot d one or more tntennediste wheels, which gear with either of tlie 
■liding pinions AA, andean be swung into gear with any wheel of the oone of goers / on tlic lead 
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•oraw of Hie latbo. Alio by meana of Ihe cnrred part with ita dot >, the ■wing-arm nui; be futeii«d 
byita Bplit-clamp^ and pinch-bolt h, at any point of the index stu<3 1. 

The wbeelaaf &e coiie/, are so oalculatud withTereT«ni!e to the alidiagDiQions upon the spindle, 
that eiiteennr morediffitrentacrev threads of the Amerio»a Btendard may oe cut by them, say from 
1 or 2 an inob pitott np to 14 an inch. Theee fii^res are laid off and Btamped as an index apon Uie 
indrx Btiid I'. 

FrnoticaUy, therefore, the operator has only to set the spUt-clamp g, by its pioch-bolt A, at any 
desired flKore of the index. The interniediata wheel will then sear with the proper wheel upon the 
lead BOreir to eat the pitoli indicated by the index flgore. Thenpper linspof figuret in Fig. 1673 
shows tLe uDmbeT in pinknt, and tlie lower line i the number in spar. 




the straight slot d of the Bwing-anr 

to the outside, or the reverse, tho iuteimediate wlieel being moved just one gear face, as tha split- 

WBHlierg is of just tliat thicknoss. 

The thread upon tbe lead screw is reeerred for screw-cutting only, but by means oF a keywaj 
tnTeniog its whole length, thti srrew is also madu to serve as a driving shaft for a train of gear* in 
Ule carri^e, from wbieh is derived Iba cross feed 

motion, and also, by moans of the ruck upon the bed, "'* 

the longitadiual IraverwH for turning and snrlacing. 
These are applied and released by single motions of 
convenient handles. It is to be observed that the 
index gives siilevn or more diangce of traverse by the 
rai'k gearing for turning, aod suifiieing, and oroas 
reversing, in addition to the sixteen or more changes 
by the leud screw for screw-cutting. Therefore the 
operiitor has at his instant oommniid a varintion of 
tbiity'two or more traverses, comprising all tbe screw 
Ihroads in general use. 

Tlie sliding hea<l spindle is fitted with a split 
conical bushing. This can be drawn into a ooniral scut by a nnt and handle when it is wished to 
elamp tbe spiudle nhioh, by this means, is centred and held truly in line. 

The lathe by Richards and Atkinson, of Hanoliester, Figs. 1674 to 1679, hss some fe«tuiet 
differing from ordinary practiooL It is intended especially for performing repair wta-k in wood- 
workii>g and other factories, and is reduced to the most simple form, so as to cheapen its first onet, 
end present no complication which might binder successful use in tlie hands of those not well 
■killed. The feeding and chasing screw are placed centrally under Ibe &ejne, out nf the way, 
and well protected from chips and dirt. The dislance of the feed screw from the epiridles is the 
(Bme as Uiough it were planed at the side of tbe frame, and the nut being under the centre of (he 
•addle, the force of the screw falls e<jnally on eaoh side. The nut is engaged and disengaged by a 
pivottd bar. Figs. 1676, 1679. The cone pulleys are respectively 12 in., BJ in., 7 in., and 6 in. 
diameter, with a width of 2> in, on the face. The saddle is oonuected at the rear end. and con- 
siderably strengthened by a strong frame surroundiog the main fraine, Fig. 1674 ,- the latter Freme 
is momited on a strong box teg, 12 inches iqiiaie, placed nearly under the gap, instead of at the end 
of thefiame in the onial manner. The tool block iimoaiited on a swing p]ate,and oan be moved to 
ftny point on the saddle, which is made with a plain flat top to aocommodale boring, milling, or 
drilling appliances. The slidine head is arranged with a lateral adjustment for tnming tapering 
pieces, and ran be set 2 inches from the ot'ntm line. The gap piece is fltttd at one end only, flat 
against the frame, and kept in place with accurately fitted dowel pins. The change wheels are so 
•nanged that hut a single one is changed in cutting screws from four lo twenty threads to an inch. 
Fig. 1678 is Ml end view of tbe gap piece, and Fig. 1677 is a chnok to bold dnlling faxdi. 
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ng. 1680 ii a donUe laths Tor tnmiDg the tiree of railway wheels, or execuliiig any Bimilar 
woA. Two leparate lathes are carried on one hoao plate, thiu eOecting a saving ofipaoe, and 
renderitig the machine compact and self-eon tained ; one man can attend to both lathes, as while 
one side oF the lathe ia working he can be entcaged in fixing the work on the uthcr side, or both 
sides ran be working together. Both the re«ta are fitted with two compound tool-hotdsTS. eaeti 
worked 1:7 separate torewa, »a that they can he adjusted qnite independently of eaoh other, thus 
allowing two oats to be taken on the work at the same time. The latliet ate made self-«etlng by 
the or^oary orerheod gear. The tottl weight ia aboat 20 tons, and it U arranged to torn np to 



int. 







6 (t diameter. The driring cones have each fonr speeds, the largest being 27 In. diameter, and 
the smallest 15 in. diameter, and arraaged to take a strap 1 in. wide. It ia trehle-geared, thut 
giring a great amount of driving power. The spindle wheels are 2 ft. 6 in. diameter by 5 in. wide, 
and tlie £ce-plate is 3 FL 6 in. diameter; all this gmriag is 14 in. pitoh. The jonniala in spindlea 
are 6^ in. diameter by 11 in. long, and made of Bessemer steel The bualiee are of the beat gun- 
metal. The saddles for the compound rests are 7 ft. long, the screws in them are 1 ( In. diameter, 
and cut with a double thread to 4 '°' pitch. The compound screws are If in. diameter. The 
■crews for adjusting the saddles are 2^ inoh diameter, and cnt two threads an inoh. The total 
length of base-plate it 18 ft, wide, and 6 la. deep. 



The &oitig-lathe. Figs. 1681 to 1683, by H. Hind and Son, of Nottingham, ia a special tool 
designed to laoilitats the tnming, boring, and facing of fly-wheels, strap pnlleys, and the like, 
whidi may run np to 12 ft. In diameter, and 18 in, in breadth. It comdiila ot a massiTe headatock 
carrying a strong &ce-plate 8 ft in diameter, bolted on a wronght-iron spindle 10 In. in diameter at 
the large beariog. The lathe is single, double, and trebl».g^ared ; the ordinary ooae speeds are 
fi in. broad, the large speed 2 ft S in. in diameter on the spindle, and back gearing on an eocentrio 
shaft ; and has a third sluA and wheels mnnuig in an eooenlrio socket at ths buck of the head- 

S 1 2 
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Btook, on the end of which the pinion is keyed for gearing into the internal wheel holted npon the 
back of the fiMK-pktte, this socket being thrown into gear with the back mxkei and faoe-phite wheel, 



1681 




1682. 




by the worm and wormwheel nx)Yed by the handwheel in front of the headstock. There are three 
tool rests, each fitted with componnd slides and swiyel motion. The front rest is arranged with a 
broad holder for two tools, which will turn down the sides of a wheel rim, or the edges of drams. 
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at the one opentioD, whilst at the beolc» or opposite side of the wheel more propeily, the ioTerted 
tool and rest are plaoed for torning the faces of the fly-wheels or drnms. This last rest is fitted 
with aa additional dide moved by a steel ronuer working in a bracket, so that when the feed 
screw is traYersing thetod across the faoe of the wheel the template moyes the slides and the tool to 
its own curve, thereby tnming the curve or ronndtng of wheel at one cut. 

The centre rest is for boring and facing the bo^es of wheels, and is fitted as the other, with 
oomponnd slides and swivel motion for facing and turning the boss, and for boring ; one end of the 
cutter bar is held in the tool-holder, and the other end of the slide is steadied in a hole 3 in. in 
diameter and 18 in. in depth, bored in the spindle, by which means a boss 18 in. deep can be bored 
if required. The whole of the rests can be worked together or separately ; they are mounted on a 
strong foundation 17 ft. 6 in. in length, and are readily adjustable in any mreotion. They are 
workeid by a chain moving a weight^ lever and catch, acting on the feed wheels in any position, 
the chain being worked fi^m a disc wheed on the back shaft, and driven from the main spindle end. 
The weight of this lathe complete is 18 tons 15 cwt. 

To avoid imperfection in tlie running spindles of lathes, or any lateral movement which might 
exist in the running bearings, there have been many attempts to construct lathes with still centres 
at both ends for the more accurate kinds of work. Such an arrangement would produce a true 
cvlindrical rotation, but must at the same time involve mechanical complication to outweigh the 
object gained* It has besides been proved bv practice that good fitting and good material for the 
beuiogs and spindles of lathes will ensure au the aocoraoy which ordinary work demands. 



1663. 




The cutting point in both turning and boring on a slide lathe is at the side of a piece, or nearly 
level with the lathe centres, and any movement of a carriage horizontally across the lathe affects 
the motion of the tool and the shape of the piece acted upon, directly to the extent of such deviation, 
so that parallel turning and boring depend mainly upon avoiding any cross movement or side play of 
a carriage. This, in both theory and practice, constitutes the greatest difference between &i top 
and track shears ; the first is arranged especially to resist deviation in a vertical plane, which is 
of secondary importance, except in boring with a bar ; the second is arranged to resist horizontal 
deviation, which in nine-tenths of the work done on lathes becomes an exact measure of the 
inaccuracy of the work performed. 

A true movement of carriages is dependent upon the amount or wearing power of their bearing 
surface, how this surface is disposed m reference to the strain to be rcsii^ted, aod the conditions 
under which the sliding surfaces move ; that is, how kept in contact The cutting strain which is 
to be mainly considered, falls usually at an angle of 30° to 40° downward toward the front from the 
centre of the lathe. To resist such strain a flat top shear presents no surface at right angles to the 
strain ; the bearings are all oblique, and not only this, but all horizontal strain falls on one side of 
the shear only ; for this reason fiat top sheara have to be made much heavier than would be 
required if the sum of their cross-section could be employed to resist transverse strain. This 
difficulty can, however, be mainly obviated by numerous cross-g^irts, which will be found in most 
lathe frames having fiat tops. 
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A cAnitLge moving on ongnlM wmys alwaja mawm ■teadjlj knd euily, wlthiMt plkj in any 
direction vutil lifted from iU bearing, whicli mely happeni, and ita lifting 1b eaiilj oppoMd 1:7 
BiljnBtable gibs. A carriage on a flat shear ia apt to have plaj in a horizontal direolion beoanae of 
the freedom which mnit exiat to •eonre eaej moTement. In the eaae of tracks, it may abn be 
menlinned that the weight of a carriage actsaa aoaoBtant foroe tobolJit steady, nhila with a dal 
■bear the weight of a carriage U In a Miueoppoaedto tbewayi, and ba« no uaeful effect in Eteadjtng 
or gnidiog. The rigidity and eUadineas of tool movement ia notorionaly ia fuToor of triangulu 
tnoks. 10 mnch eo that nearly all Aioericaii oaohlne tool-maken oouBtmot lathea in thia manner, 
although it adda no inoonaidenible coat in fitting. 

Tapping, which is the oonTsrae of screwing, ia uanally done by anbatituting a tap fur the diM 
In a BCKwing machine ; but where the hole ia amall, or doea not paaa throngh the work, there mn 
objectiona to ttlia plan. There ia an ingeniona form of tapping machine naed by gnnmaken 
aewing-machine manobctniers for that kind of work. One of tneae n: ' ' ' ' ' — ' 
The tap \» olamped in a chock on the end of a ajniHlIe, 
which raos in bearioge [a a small headatock, aod ha* 
a oertsin amooDt of end movement allawed it; two 
pulleya run loose, io «>poaite directjona, on tbe apindlc^ 
and tbe one at the aout of the headstooh revolves 
faatcr than the other. Tbe work to be tapped ia plaoed 
in a small net, or holder, at the end of a bar that 
■Udee throngh a loose headatook. When the hole is to 
be bored, the work ia pressed allgbtly against (he end 
of the tap ; thia moves the spindle endways, and osnaea 
a Ing to oome in contact with the book pulley, which 
makea the tap levolve in the proper direction for ont- 
ting. The action of the tap drawa the work forward 
nniu an adjustable oollat on tha bar preventa the 
holder moving any further; the ooatiniied action of 
the tap then draws itaeir forward in the work, and 
moves the log out of gear with tbe back pulley, and 
the tap oeaaea to revolve. To withdraw tne tap, the 
work la pressed gently In the oppooite direction, wh«i 
the log on the qiindle oomea in contact with the bout 
pulley and tbe tep la run quickly out. 

DriBing and Bormg Maehiiui.—Fig. 1689 ia a radial 



M maohinea is shown in Fig. 16tt1. 
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'e and stmns for the work it has to perform. The spindle is 8 io. diameter, and 
enough to drill a hole 20 in. dew, and there is sufficient rangeof velocity in the speed pidleya 
gearing to obtain the right •peed to drill from the smallest tiie np to a IS-in. oyUnder. The 
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drirlDK •ppwatni ii provided with two teti of pollein for fMt and slow apeeds. The urn is 7 ft. 
loDg uom the eeDtre of the npright ibaft, end the atlde is moved baokwaida and forwanU by » 
ntck ftod piaioD Dxed on the top of the artn, and worked b? a very simple cootrlvanoe. The loot 
eon be coaverted into s alot drill If requited. The upright staiiidard ib firmly fixed to a planed 
baae-plata, which is II ft. loee by 4 ft. wide, and 6 in. deep. When the jib ia worked to uie top 
It will take in 5 ft. 6 in. from tlie lop of the buse-plate to the nnder side of the spindle nose, or 6 (i 
to the under side of jib. The jib can be lowered 20 in. to within S ft 10 in. oT baso-plate. It is 
worked np or down bj a worm and wheel, and two seta of racks and ttenl piniong. 

Fig. 168G ia of bn upright drilling machine by Ferris and Hilei, of Philadelphia. The drill 
spindle A is counterbalanced b; a weighted lever B attached directly to its upper extremity, this 
lever holding it up ■ecnrel]' against a last colhir on its 
lower end, and thus preventing the breakage uf drills 
by any lost motion. The spindle receives its rotary 
motion by bevel gear, having the ratio oF 3 to 1, placed 
near the top of the machioe, the spur with its face 
downwards to prevent dirt loilging in the teetli. The 
lower end of the spindle A is ftnnly supported in a 
bearing c of a long carriaco or Middle C, which ia 
. gibbed to the guides D of the fraine G, and traverse* 
thereon a disUnoe of 17 in. exaotly in the manner of 
■ lathe carriage upon its bed. 

The carriage C, Fig. 1687. boa a tack < cat apon 
it, into which gears the pinion /, whose shaft F has a 
ciaok handle U fastened to it and ■ wormwheel G 
loose npDn it. except when clamped by a pinch-bolt 
throngli the handle H. This pinch-bolt has a wedgs- 
shaped hiad which plays in the aoDuhir slot g ot the 
wormwbecl G), and a pinch-nnt h outside of the 
handle U. By tightening A the wedge-ahap«l head 
of the pinch-bolt u jomnied in the annular slot g, and 
the handle H is clamped firmly to the worrowheel. 

The automatic tied motion is ti^euofi' the spindle 
A by a belt working upon the cones j and J, the 
larger of which, J, is fast upon the rod K, and, by 
revolving it serves to drive the worm screw L, when 
clamped thereto by the friction disc H and pinch-nut 
N io the oonical haodwheel Q. When thus clamped 
the screw L causes the wormwheel O to revolve. 
When the piuch-nut A is sleok the carriage 0, and 
with it the drill, may be throwD upward and down- 
ward rapidly or slowly at will by means of handle 
H, pinion e, aod rack /. When the pinoh-nat h is 
tightened the carriage may be traversed slowly, eitlier 
by hand, by means of the conical haodnheel Q, or 
anlomatically by tightening the pinch-nut N. 

It ia to be observed Uiat in reloading the feed 
motiuu to run the drill up, the operator's hand, after 



the point at which it la to have the feed put on, he 
has no additional movement of any kind to miike. It 
will also be noticed that the handle H, by its pinion 
/, takes bold directly of the carriage with no idle 
gears to be driven as in the nana] quick returns, and 
that the extremity of the spindle A gaided by a 
ttaveraing carriage with long bearings, never pro- 
trndea from its bcariugs. Tiie drill is always equally 
distant from its support, and must therefore drill a 
tmehole. 

The machine is provided with a table awinging 
upon its column in the usual manner, but also 
traversing upon its bracket by a screw. The slide ia 
arranged with a socket in such a manner that the 
table can be removed and a convenient clamping 
vice secured in its place, also a piir of ceutrea or ar 

Porlible drills are espeoJallv deogned for tue upon pieces of work of irregular form, or which 
ftom their size cannot be readitv adjusted under a stationary drilling machine. Fi"8. 11)88, 1689 
show a side view and plan ot the largeet size mai-hine by Thome, Da Havtn, and Co., Philadelphia. 
1. i. ,~,„ni«l ™ . =1.nt cast-iron sUndard with a cruciform base, the latter being provided with 




a angle plate as may be required for Toriotu 



a mounted o 



6. The radial arm o U held in position in the post by the bolt and plato d, the drill being 
1 to and fro by meaog of the serew e, and rotated by a wonn and tangent wheel. The enJ 
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of the aim ig fornlihed with n (uoket whic!) eaniee the drill f^ame, Mid It 
a« to brinj; nlwm the eono pulley in a line with the driTing belt 
The drill is driven by gauing, either direct from the ' 



« tuned totmd ao 



The drill is driven by geiring, either direct from the cone, or thnmgh n mtem of back Deafioft 
Bhown in eeotion, Fig, 1688. The automatic feed la obtained from a snuJl pnlleT on the main 
oono puUey-ehafl, a strap puaing from the fonnai U> a small polloy above, which drives a worm and 
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lotates a nut, through which the screw spindle / paasea. Tbe worm is binged at q, and cau be 

thrown out of gear by taming a small eoooutric at A, and the feed can then be workoii by the hand- 

vlieel I. In the smallei machines, as in Fig, 1693, ttie back gear is omitted, and tbo drUl is dnvea 

direct through the bevel pinion on the cone pnlley-ehiLrt. In one form . . . 

also, the betiirg in the end of the arm, instead of being cylindrical 

is made spherical, and the drill is mounted on a spherical bow, held in 

the bearing by a collar ; when this latter is in position, the frame eta 

only be rotated in a horizontal plane, and the spindle is kept sqaue 

with the base, bat if the collar is removed the frame cau be set at 

any angle desired. This modification has many useful applications in 

drilling irregolar fonns. 

The mode of driving this drill is veiT ingenious, and is shown in 
the illuatmtion. Figs. 1690 to 1692. The ooDnterahaft is driven by 
a strap passing through an eye, and which is shifted to the fast 
pulley when the cord A is pulled and held in position, the weight I 
always tending to throw the sttap to the loose pulley. On the other 
end of the oonntershaft is a grooved pulley m, over which the oord 
passes which aotnatoa the driil. Below this grooved pulley is a frame 
n, supporting a swing hanger o, the centra of wliioh is hollow, as In 
Fig. 1690. In this swing hanser are two idle pnlleys p, so placed that 
the delivering edge of one of them is alwaya in line with the receiving 
edge of the grooved pulley. The cord passes under the pulley p, over 
the grooved pulley, through the hole in the banger n, and then bangs 
down, being kept tight by a weighted pulley l ; it tht^n passes around 
pulley p', and over the ooue on the drill. The weighted pulley is naed 
ao that as tlie drill is moved to varying diatanen from the counter- 
shaft, tliercmay be an extra length of driving oord available. If more is 
Fequired additional lengths can be added by book-and-oye connections. 

Fig. 1601 is a special tool, desigiied by Hiud and Son, Nottingham, to facilitate the boriug and 
racing of engine cylLudere and the like. The machine consisls of a strong bed, upon whicli is fixed 
K Tertioal slide adjusted by screw and nut, and Ciatcnod by bolts and nuts in the tou-grooves. Upon 
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this Tertical slide is momited a strong headstock carrying the boring Bookets. Tliia lieadatook is 
also adjusted by a screw vertically ; the socket mns in parallel bearings, and is driven by a spur 
wheel 1} in. pitch, 4 in. broad on fSace, keyed on to the socket ; the wheel is driven by a pinion, 
receiving its motion by mitre-wheels connecting the horizontal shfUft with the vertical shaft, and 
the vertical shaft is driven by mitre-wheels on the lower horizontal shaft having bearings in the 




bed of the machine. The shaft has double power g^ear, and a 4-speed cone, thus allowing the 
headstock to be adjusted iu the vertical and transverse movements. The boring bar is fed self- 
acting, by a screw deriving its motion from a series of wheels driven from the end of the boring 
socket, and is furnished with a wheel for adjustment by hand. 

The bed to receive the work is fixed at right angles to the transverse movement of the headstock, 
it has a planed surface and slut holes to bolt work down. There is a boring bar-stay and apparatus 
for facing the ends of the cylinders, at the same time the boring operation is proceeding. This 
oonsiBts of a base-plato adjustable and fastened to the bed, upon which is a vertical slide or bracket, 
adjusted in the bottom plate by a screw and bolted to tee-grooves ; upon this bracket is a crosshead 
and bearing to stay the boring bar. The crosshead is furnished with two tool-holders, capable of 
being worked to or from the centre of bar or orossheads by a self-acting tappet motion acting on a 
star-wheel working the screw in the croesliead. The facing apparatus can be disconnected from the 
boring bar when not wanted, and can be adjusted vertically to suit height of boring bar. This 
machine will bore holes up to 16 in. diameter, traverse the b[>ring bar a distance of 2 ft. 6 in., and 
admit articles on the table up to 28 in. centres. The machine can be made to admit greater lengths 
and heights, and can be furnished with one or more boring heads, either on one side of the work 
table or at right angles for boring holes at right angles to each other, over any specified area. The 
machine can also be used as a turning and facing lathe for various articles, by fitting- a suitable 
chuck on the boring socket, and fixing a compound slide rest on the bed of the machine. 

The operation of drilling or boring tube holes through boiler plates and other similar work is a 
somewhat complex and costly process by ihfi ordinary methods in use. We will assume, as an 
example, that a 3-in. hole is to be drilled accurately to a circle marked out on a tube plate 
^in. thick. It is usnal to drill, sav a (-in. or {-in. hole in the centre with an ordinary arill. 
This hole, which is to act as the guide for the accuracy of the subsequent work, must of necessity 
be carefully drilled in the exact centre, to a cirole first set out on the plate, and it is well known 
that drills are very apt to run this way or that way, according either to the form in which they 
are ground, or aooordinflr to the perfection or imperfection of the centre punch mark horn whicn 
they stert, or from the defective condition of the drilling machine itself, any of which causes, or all 
combined, will produce irregular work. This centrnl-hole drill labours undcff the disadvantage of 
all ordinary drills as compared with cutters, inasmuch as considerable pressure is required to 
force the centre or V ^g>^ o^ the drill into the iron, to the extent of the Sickness of the shaving 
or drilling token off by the cutting edge at each revolution of the drill ; and the blunter the drill 
the greater is the pressure required to enable the drill to cut at alL 

Added to this, tlie hole through a {-in. plate is not complete till the 1696. 1696. lesY. 

drill has been fed down through a depth of 1 in. or 1| in. or more, 
according to the length of the V point of the drilL After this ' 
been made a second work has to be done, and generally 
formed by a cutter specially made for the purpose, either 
shapes, Figs. 1695 to 1697, or of some such form. In these 
centre portion is supposed to fit the hole first drilled, and be the guide 

to ensure a true hole of the larger diameter. As often as not, however, the central pin does not 
fit the hole well, a defect which, whatever may be ite origin, ends in the result being either a bad 
hole, or one out of ite proper position, or even a combination of the two. 

McKay's drill is designed to overcome these defects, and this with a minimam of setting out, a 



>leto tUi the 1696. 1696. 1697. 

\ in. or more, r*^^ r^ f*n 

this hole has £= rD/ V j\ 
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le« amotmt of macMne power, uid in the shortMt time posalUe with » given tUakneu of plkt« and 

diameter of hole. 

BefemnK to E^ 1698 to 1701 It will be Men that It oouriitaof a main body, of which the nppei 
end ia tnmad to fit the aooket of a dhlling maahiDe, while the lower pttrt forma a cyliader or caia 
oontaining a small nun. Into the ram L, thtre are two short etucb screwed tlironKh two tints 
formed in the outer case, hy means of which a p«ir of spiral springs keep the ram tauj luHne till 
caused to move, and draw it home again when the moTemeut is 

over. Ttiis ram ia also bored ont from its npper end and oon- iMa. ISM. 

tains an inner plunger of steel, liaring a ahoulder J at its upper, I 

and a pointed centre at Ihe lower, end. L and J are each 
fitted with an hjdtsulio leather within the case. A small hole 
at the top ot the chamber 8, permita the tool lo be charged with 
water or oil, and whon the hole ia closed by a acrew-uag, the 
apparatus will be ready for work, with the exception of putting 
in the rei^nired cutters H ncoordiog to tlie aiae bole to be out. 
The centra point being placed upon a centre-punch mark m^e 
on a plate to be drilled, and the preaanre of the feed of the 
machine hronglit down upon the case, J will tnoTe npwarda 
within Ihe cylinder B, and the oil having no way of etoape 
presses hvdroatatic&lly within the chamber and foroea the larger 
plnngar downwarda. The cutters U are thus brought down to 
the Burfaoe of the plate, wiiile the centre remains also in the 
centre mark. If tlie machine is now started, the feed preaanre 
will eaxwe the onttere to perfonn their cnlting work, while the 
centre pin still renaina niion the finrt centre. So aoon aa the 
cntteis have paased tbiongii the plate, and if there ia no reaiat- 
•Doe underueatb, the centcal pin will at once push the core 
down by the hydioetatic preesore dne to the reaiatance aflbrded 
by the two external springa, which will draw the larger ram 
home directly the hole is made. Al^^^ 

In this tool the oatters are diflerently formed and are also Mn^^^^\t<ti 
more easily oonatracted, and the eqnal preaanre exerted by the ^v^P^i'ff3l 
fluid on each ram enauree a fair dlvisLon of labour, aeldom rightly \>~?^ 

obtained by auch forma of cutters aa at first deecribed. The 

results of the nse of this boring tool are, flral, perfect accuracy of ^^^ Ddl 

poaition when once a clean and deep centre-punch mark haa been 

made ; aecoudly, a true hole with a minimum quantity of metal ont away by onttors ; thirdly, the 
work perforaied is done in the least Ume compatible with the cucanutan[»a of the case. 

The toola tor tube-hole boring, sapplied with each holder, are made so as to cut holes varyinK 

tin. in diameter to suit the two ends of boiler tubea. Thus a 3-in, aize ia arranged to cut both 
in. and 8j-inch holes, and so on. 
Shttltig ifdcAma.— The slotting machine of W. Sellers and Co., Philadelphia, Figa. 1701* to 1704, 
baa anffldent over-reach lo enable It to alot the eye of a wheel 48 in. in diameter. The alolting 
tool ia operated by means of a crank driven by what ia known as the Whitworth motion, giving a 
alow movement under cut and a qnick relnm. The ciank is adjqatable in length of stroke, the 
maximum being 12 in. This adjustment ia effected by a screw p in the crank plate, the adjnst- 
neutof the connection of the connecting tod with the slotting bar is also by means of a screw ^', so 
t« to regnlate the poaition of the Blotting bar in height from the table opon which the work reata. 
The attachment of the oonnecting r«l c to the slotting bur is by means of a wrought-iron block 
b, always in oonncctton with a couoterbtiltince lever /. The counterbelunce * is in excess of tbe 
weigLt of the slottiogbarandBDyordinBrTcntliug tool, aoas to take up all lost motion, and steady 
the operation of tbe machine nnder cat. The bearing or slide carrying the slotting bar is adjnstable 
to suit the different heiglils of work, and euablea the bar to he guided as near the work as possible. 
When the nutnre of the work will permit, the aupporting baenng can be carried quite close to the 
table, thna giving a firm backing to the tool during its whole strobe, and ensuring steadioeas of 
motion. It is noticeable that tbe connection of the oonneeting rod to the alatting bar is off to one 
side of the centre of the crank, on tbe pulling down or working aide of tbe crank. This places the 
crank and oonnecting rod in the beat relation for work, with the leait aide atmin on the vertical 
■tide under cut, while on the upattoke its conseqnent increesed obliquity to the line of motiun does 
no harm. The oompound table q Qpoa which the work is bolted consists of the usual componnil 
alide leate of broad aurfaoe, with a rotating table on top of the upper cross slide, all provided with 
aniomatio teeds. These feeds are obtained from one primary motion a, a ratchpt feed wheel 
openited by a can at tbe back of the large driving wheel. Tljia cam ia so oonetructed as to ensore 
the occurrenoe of the feed at tbe top of the stroke, while the crank ia passing its dead centre. 

The couv^ance of this feed to any required part of the machine ia efi'ectt-d by meana of one 
gearwbeelg,Figa. 1702,1704, with aMuara hole in the ove, to fit on the square ends of Ihe variooa 
feed screws and shafts, 'i'hus fur the longitudinal feed thia wheel, placed on the end of (he feed 
Bcrew 1 at the back of the bed, Fig. 1704, gears into a wheel bet Reeii the racLet wheel and this aerew, 
while the cross feed and circular feed are driven from a wheel travelling with the compound table, 
and driven from the nichet wheel by bevels, and having its pitch line the aume distance from both 
of the two ahafts, so aa to be within reach of either with the same wheel. The longitudinal feed 
by hand ia obtained by bevel wheels within tbe bed, and a squared end for b crsnk within reach 
of the workman when he is handling the other feeds. TLire is scarcely any machine tool 
requiring more close watching on the part of Ihe workman on tlie claaa of work It is required lo do ; 
it aeldom lakes long cuts, it generally being but a little while under power feed at a time, and 
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the ammnt of production, all other tbingt "i>3- )1*>- 

being eqiu), depends npon the rewlineu 

vith whioli tlie •ttendant workman can do 

biipartof thsmonnieDt, in ftdjnsting and 

re*4iastiDg the work in varioos poaitionB, 

and keeping the tool ondet out aa much of 

the time u poawble. This can be illns- 

tralod in one olata of work in oommoD 

pvctioe, namely, the key seata of wheela. 

Core is required to adjoat the wheel in 

place. BO BB to haie the lidee of the key 

Beat parallel with a diameter line. Thu 

requirea aome little time, while but few 

Btiokps of the Btotting tool are reqnired to 

oat Iha key aeat after it is made ready; 

it ii eviitent that coovenieuoe of adjnat- 

meut in aach work will materially inBuenoe 

the atnnunt done. 

maiHg UacMiu. — Figa. 1705, 1706 
show a milling maohine made by the 
Brown and Bbarpe Hannfaotmiog Com- 
pany, Lowell, Hue.; the feed motiou is 
oommunlcated to the carTiage throngh a 
small teleacopia abaft t, flttad with Hook's 
joints, ao tliat the Blide in which the car- | 
riage moiea may be Bet at an angle with 
the centre lino of the spindle. The imall 
beadttock A, oturyinK the centra at the 
end of the oarriage Laa alao an augnlar 
motion in the vertical plane, bo arranged 
that whatever the angle may be the centre 
remaina in gear with the feed motion. 
Theaa additional muvementa reader the 
maoliine capable of a wide raoge of appli- 
cation, for benidea ordinary milling a grant 
variety of other work, inch as reamers, 
twist drills, milling cutters, and roaebita, 

may be prodnced, and the teeth of spur and bevel wheels may be alio cnt Tlie cuttera used 
in theae maehioea ate of peenliar shape, and are of the same croei secliou thniugbont, ao Uiat by 
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giiudlDg them on the taoe they may be sbarpeued without altering their fono. Uftehiaea having 
rotar; cutters nilh dct&ched teeth are ■ametiiq^ used for epeialiiig upon a lu^r class of work, 
vhere it in aeoeasuj to take heavf cats, 




Jbol-EolJtr*. — Machine tool-ontten fbrmed of cempantivol; smfdl piecce Of steel beld in epeckl 
tool-holders in place of the ordinary tooU, (brged front steel t»ra of Tarioua dimeiwloDe, are largely 
employed. 

Figa. 1707 to 1716 are of BaTille'e system of tool-beldera, aa made by Greenwood and Batley of 
Leeds ; Figs. 1707, 1708 uq adapted for lathe tools. The tool is shown in longitndinal section, 






(rail 



Fig. 1707, horinDutal eoction, Fig. I70S ; it oonaisla or two maiii parts A and B fitted together and 
fastened by screws □, so as to present a cylindrical head, in the inferior of which is placed the 
movable nut-shnpcd pieoc C, which holds tlie cutter D ; this nnt fitted exactly to the rri'eptacle 
formed to bold it, in uio interior of the potta A and B, is oF a ephoriosl slmpe In Uio middle, with 
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t eoDlaal put above and below, terminating in a cylindrical tenon foTmin^ two pivota, on whiob 
it can moke a roUiy movement of balf a circle. Tbo cironmrerenoe of tbU apbere is cat witb a 
tbrcod gearing into a wonn b, tbe ioumale of which ere made eqasre at the ends to receive a 
liandle d, by tbe aid of wbicb it can be tamed. In order to bold the tool firmly, C ia pierced by 
an ang:nlar opening, Fig. lTff7, oorreB [ion ding (o tbe aeotion D of the oatter. which tH» in very 
aoourately. leaving room, however, tor the insertion of a wedge-shaped piece, which is screwed down 
tightly bv the screw E. 

A lool like tiiia can act at will perpendicnUrly or parallel to the axis of the lathe, or in any ot 
the intermediate obliqne podtions ; further bj meftoa of itB simple form and mobility, it can be 
employed in working on certain interitnv, ordinarily requiring a tool forged to a spedal iibape. 

ITIS. lilt. 




nis. iTis. 



A brake is therefore applied to tbe axis of tlie worm b, in such a manner as to cnsore the rigidity 
of tliB nut in any desired position; tbli brake cousists of a wedge/, acted upon by means of the 
— n G, soas to press it by tlie inleirowitioQ of tbe plate g. Fig, 1708,011 the twolialf ionmals A, 
mcing tbe axis of tbe screw half its drcnmfercnoe. The two jaws A and B are joined very 

rately one upon the other, by meaiu of two tenons whicli go into the grooves i. Fig. 1707, and 

in addition to tbe screw a, the two parts of the head of the tool-holders are filed together above ftnd 
below the nut, by means of two rings j', fitted in like grooves. 

In the tool-bolder for planing machines, Figs. 1709 to 1712, the same general fi'atnree in principle 
are observable as in the preceding one, bnt it lias in addition a small special medianiam, so arranged 
as to permit of the tool being eligbtly inclined on the return stroke, in order to |)revent It from 
beroming blunt, by rubbing on the work in going backwards iirerious to oommmcing a new cut. 
The majority of planing macbines are so constmcted as to do this, but tbe whole tool-boi has to be 
eds moving, and being very light tbe 

,._... ._ a the machines now in use, there being 

leas weight of tooI-boi on tbe edge of the tool. 

This planing tool-holder is shown In vertical section. Fig. 1710. Fig, 1713 ia a sectional 
plan, and Fig. 1709 aback view of the boi to receive the tool. It is compost of a vertical piece A, 
terminating in a cylindrical part in which the head C is aiijnatahle ; this as in the preceding case 
can rotate by the action of the worm 6, and is widened oni to receive the tool-box B, in which the 
tool D is held by tbe screw E. The tool-bns B doee not fit close into tbe space left to hold it in tbe 
head C ; this permits a slight oscillating movemeut on the steel pin a, fittod half into each of the 
two pieces. Fig, I7I0. 

When cutting, the tool-box B oocDpIes tbe position. Fig. 1710, and tAkes Its bearings on the 
head at the angular parts, h', Fig. 1710, so as to maintain the rigidity of tbe cntter by its adjust- 
ment In the movement in tbe contrary direction, the simple contact of the cutter on the piece 
under operation is suCBoient to make the tool-box B, rotating on tbe pin a, reverse itself and give 
the necessary inclination, and further to provide against the tool-box B being shaken in ='* 



«f tbe bead Is toothed to gefv Into the worm ft, by means (d which it ci 
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»nd ^ve tlie dednd poritioii lo the ontter; It tennlD&tei vith ■ aerewed end on whiob the 
tightening not F tB fitted bo bb to bold it firmly in the tool-holder. The worm u alao provided 
with a brake composed of the screw O and wedge/, which aot on tbe jonmalB A. clatping the Mirew 
spindle. The diffen^nt parts are oovered by a plute H, Fig. 1710, sorewed on the lool-holder. 

Figs. 1713 to 17IG are of a double tool-holder with horizontal cutters for a elotliiig machine. 
TIuH latter tool-holder, by ita conioal piece B may be fitted on the head of aoy kind of slotting 
machine, hat is epecially arranged for Blotting aila boxes. For this parpoee it ia made doable, that 
is to say, provided with two onttcrs D and D', placed horiiontally, and in such a manner as to 
work nmnltaneonaly ; eaeh one in fixed in an oscillating box, one of the boxes being fixed in Ihe 
slide rest C, moved by the screw U, by means of whioh the extreme disbinee between the two 
eatters can be adiuBted at will ; Fig. ITIC siiows a sectional plan tliiongh the pins a. and shows ihe 
centre bolt 6, which is used to asaare the flimni'ss of the blocV C, with the conical head B. Theae 
two pieces carrying the movable ports, constitute the whole of the tool-holder. 

UadiiHt for Fixing Boiler Stai/i.—Ia Ihe maoofsclnre of steam boilers when the nhill has been 
drilled it is taken apart, and sU the drill-barrs remoTed from the plates. The onlstde and inside 
edge* of the holes are countersunk by machine. The plates are put totcether aguio and riveted up. 
The next step is to lower Ihe furnaces and oombastion chnmbers into the bIhIIb, to which tlie front 
plates are riveted. The screw etay holes are then drilled and tapped, and the Btays are screwed. 
Fig. 1718 is an elevation; Fig. 1717. a plan: Fig. 1719. an end view; Bind Fig. 1720. details of a 
maohine invented by Allan, of Sunderland, for tliu purpose. It consists of a hollow pillar D. inside 
of whicikisplaceda small steAin engine, with a fl;-wbee) I; npanddown the pillarslides a saddle B. 



This ia leTereed and lowered by ft nick and beam. Thenillarismorsdonthebed AoTthemaohine 
on the inverted V t""^ C. Steam is introdnced through flexible pipi^ and stuffing boxes J, and 
the various movements of the maohine are controlled by one man working the hand-wheels. The 
bar F, Fig. 1719, carries the bolder, shown to a large scale in Fig. 1720, which u amnged to 
rotate, and can at the same time be drown backwards and forwards at will by ihe rack. 

The boiler is laid down aod levelled, with the beck end close to the bed-plate. The pillar can 
then tiaverae beck and forward across the end of the boiler. A drill is then pat into the end F,Bnd 
the maohine being started, the holes are drilled one after another in the two plalea true and at right 
aoglea to the boiler plalea. The drill is moved over the boiler end by the gearing F, which is made 
either to raise or tower the saddle E, or to move the whole pillar bac^ or forward. When the holea 
have been drilled, a tap is sabetitnled for the drill, and they are screwed. Next the stays are sub- 
■titnted for the tap, and put in place, and flnally a cutter-head is placed on, and the stay ends all 
out offftooumtely to lengili and shape. 

Smtry Ormdtrt. — Tfie cleftDliiieeB of emery wheels, and their quick cutting character, compared 
with natoiftl grindalonee, render tbem convenient for sharpening tools. They are used to a con- 
siderable extent for (hBrpening saws, mill picks, paper-cutting knives, lathe tools, drills, and 
■hear blades, and are fonnd lo impart a better edge to tbe tool than a grindslona In Van Haagen's 
twiM drill grindera, tbe drill is placed in a chuck that preeenta it at the proper angle to the edge 
of the wheel, and by an ingenious link oonneotion. the same movement trf' the handle fbr turning 
tbe drill nond, also gives the proper motion for baoking It off behind tbe eatUng Up. A tmofi 
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cratrifngal pninp keep* the wiMel nipplied with water, wlioli li prevented from fljing off by & hood 
that eoven the wheel, except at the cutting point. 

Finn- 1721 to ma Hie at t)i is twiat drill grinding mnohine, oanitracted hj Thomson, Bteme, and 
Co., of Qlaagow. UcuiiiiiUof a hollow standard tuiiring at its top a ilidu for the headatock oarryirig 
the GiDArj wheel spindle. Tliis headatocb can be moved to and Uo on its slide b; the lever iL The 
spindle carriei at one end the eiDor; wheel, while at the other it drivet a tmall centriTu^ pomp, 



which drawl water tnmt the liollow standard serving as a water tank, and discharges it on the edge 
of the emef7 wheel, the connections between thepnmpand the tank and emery wheel cad ng, reepeo- 
tively, being made by iodiamU>er tubing. The wheel is so mounted that it oan be shifted book as 
the emenr wheel wears, and the water can thns always be discharged effectively on the wheel. The 
wheel spindle is driven at a speed of about 2100 revalutions a minute. 

At an angle of 45° with the whei-1 spindle, there branches off Avm the standard an ann oarrying 
the sliding head, in which the drill to he groand is mounted. In the grinding of « drill thehaodlea 
a and 6 are loosened. From the bearing post e, the finger which is nsed in tlie preliminarr adjustment 
of the wheel is removed, and the proper size of guide riug for the drill to be gronnd fixed on ; the 
drill is placed in the hollow spindle or sooket made to St the drill and spindle, its end resting la the 
guide ring, with the left hand of the operator on the milled flanges cc'; the spindle is adjusted to 
allow aliout {-in. piny between the flange c' and the head/; the head /and the spindle ere moved, 
BO that the end of the drill is brought to the fao« of the wheel; and the lever g tightened with the 
right band. The machine is then started, and the amount of water supj^y Tegulated by 
taisiag or lowering the flexible tube through the eye on the headstock ; the drill is adjusted forward 
with the left hand on the flanges cc',one cutting edge of the drill being brought horizontaJ against 
the feoe of the wheel, and the drill pressed forwara until the deuited amount is cat away; the 
handles a and b are tightened Srmly ; then the lever d worked to move the emerv wheel back and 
forward across tlie face of the drill, and at the same time the handle b brought down very slowly; 
after which the drill is tolsted quickly aguinst the bee of the wheel by moving the handle 6 up and 
down, until a smooth finish is given to the end of the drill ; the handle i Is loosened, and the spring 
stud polled down uudenieath the bead f. The handle a is thrown over, and the haodle b tightened, 
the operation being repeated oa in griTidine the flist side of Ihe drilL After setting tlie handle a II 
mnit not be loosened until both outting edges of the drill are finished. To prevent the water tana 
Areeiiog in the tank, thereby endangering the pedestnl, it is recommended to add a small quantity 
of glycerine, otherwise the water should not be allowed to remain in the tank ovei>night during 
frosty weather. 

An application of emen wheels with moulded edges is shown Fig. 1724, which isamaohine made 
by Blucl^s Emery Wheel Co. for cleaning out the teeth of wheels. The emery wheel ia turned to 
the shape of the spBOe between Ihe teeth, and revolves in a small headstock, while the wheel, or 
piniun, being operated on is moved vertically in front of it by means of an eccentric motion, and at 
the end of each stroke is turned antomatically tbroneh the space of one tooth. These machines are 
exclusively used by makers of b-xtilemaehinery, and will denn from 1500 to 2000 teeth an hour. 
' milar arrangement Is nsed in the Universal Tool Grinders of Thomson, Sterne, and Co. 



if these machines is shown in Figs. 1725, 1726. It will be seen that the centrifugal pnmp is 
I at the buek of the machine, and Is driven from a pulley on the oanntersliafL The 
safety grinding ring nsed with these marhiues is made so that the sides of the emery ring 



are gripped between two washers with dovetail grooves In them, which would keep the pieces 
in poailion should Ihe ring break. Corundum, which is a pure form of emery, and a harder and 
•harper abrasive than the emery of commerce, is nsed where it is important that the wheel should 
remun of the same diameter and shape. Morton Poole's system of grinding chilled calender rulli 
is an instance of the application of comndum wheels ; there are eereral peculiar featuree about Uiii 
proceasof grinding, and an extremely accurate result Is obtained. 

It is wmI known to all who have hod eiperienoe In emery grinding that to perfcrm rapid onttiiig 
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■6 best adapted foe quick cutting have also Ibo leoal cohesive Btrength, and b 
Thieb it in poasibia to drive safely ordiaif; dlKia made of auoh oompoundB a limit«d. 

To obviate tbiBiBlheobjeotorthedevioeiDveutedbjBuUer, Figs. 1727, 1728, where, instead ofA 
disc of emerj, a ring in employed made up of segmeiitii a a. These segments are placed within the 



flange ti* of a casting h, and inuide them 




inged the ourred plktee et, which are tightened up 



Fig. 1729 relates to an atrangemant dlfl^nng slightly from that of Fig. 1727, the casting being, I 

tbti case, of sneh form that the plain diso 6 is interposed between 

the adjusting screws /and the work which is being groand. It 

will be understood that the griodiug U performed b; bringing the 

work aoaiust the aunular stirfaces a', presented by the grinding 

blocks msteod of sgainat the periphery of a wheel as is usuuL 

As the mrfaoo a' wears away, tho grinding eegments ure shifted 

fnttbei out, a portion of the thickness of the segments being maile 

of a uoD-grinding compound, so that they maybe held flrmly uDtU 

ail the grinding psjt is utilized. 

B^rmtnts held in the wav described can be driven with per- 
fect safety at exceedingly liigU speeds, while the mannet in r 
which they are held is such, that there is Dothing about the 
device likely to mtch against wotk or do damage by anylhiug 
falling on it This is an important maltet concerning the safety 
of the workmen using thu wheels. 

Banaoma's emery wheels are mnoh esteemed in English works, 
and from the circataT of the makers, A. and H. Buteroan and 
Co., of Qreenwich, we give the following practical remarks, which 
apply geaetBlly to emery wheels, an their use ; — 

" It is well to run a coarse and a Bno wheal at opposite ends 
of the same spindle, doing the rough work on the former and 
flnishing up on the latter. Far mora work can be got out of the 
wheels by applying the work lightly to them, than by pressing or 
orowdiug it ; the latter only heats the metal, makes (be wheel 
glaze, and often go out of truth. 

" Speed has a groat deal to do with result ; from considerable ' j}„ 

experience, a sur&ica speed of 4CN>0 to 4500 ft. a minute, say 13S0 

revolutions of the apiadle for a 12-in. wheel, is recommended, although a thick wheel may be run 
ons-third faster wiui advantage, and good work may be got out of a slower speed. 

" A foundation for the machiuo. good enough for alow speeds, will not do for high ones. Any 
vibration or tremor while at work is certain to proiluce bad results. It is not enough to screw a 
ipindlo firmly to a bench ol table, Iho latter must itself be firm and rigid. In self-mnlainod 
machines, a good concrete foundation is necessary; tlie expense will not be grudged, when the 
results are compared with those obtained from a machine on a shaky foundation. It must be 
remembered, that a large amount of centrifngal force is developed In a disa revolving many hundroil 
times in a minute, and this must be met hy nrm foundations, and proper screwtDg up of the washers 
and side plates. Too much care cannot be taken on tlie«e points?' 

To A. and H. Batemao and Co. are also duo the subjoined practical Boggestiona; — 

" Examine emery wheels and machineiy at least once a day. 

" Remedy any defects at once, and on no account go on working with anything out of order. 
If a machine vibrates, add or alter requisite fittings. If a wheel is chipped or out of truth, tmo it 
with a black diamond. This may be done while running at full speed, core being taken to touch 
tb« wheel very lightly. Aller ttueing, the wliecl will l« dnll ; rough it by lunnmg it Dg.iinet a 
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. , oke. Do tbU fteqnei 

wheel fu lesa thmn waiting; uQlil it is jetj mtich *oat' 

" Never let the spindle jnmp or get hot, either will lojare the wb^l and produce bad work. 

" See th&t side pbtes flt the spindlp, and sire birly true. Screw up flnol*, but not so light m 
to email Ihe wheel. Do not nae too long a spooner, it is difficult to estimate the fotce applied by 
means ofa screw end long lever. 

"Becarefal to ran the wheels Kt about the indioated speed: Uie; near ont qnjcker if rnnranoh 
dower, and are apt to go oat of truth, and an nnneeessar; ri^ is mn it the speed be too great. 



Ascertain the sprad bj meanB of a couoler. Calrulalion by size of palleys is not Terj reliable, 
ine to the ditncolt; of making proper allowance for slip. 
"If working witli waler, let it be applied rloae to the work, through a small orifice in a pipe 



nnder some pressure, either from the maia. or from an elevated aietem. The wind cansed bj 
the wheel will otherwise tend to blow the water away. If too much is used it will fl; off sod 
cause innmvenieDoe. Generally, working dry will be found prererable, but for tools and small work 
watra ia neoeeawy. 

" With tools and amall work, hold in the right hand and press near the end with some of the 
fingers of the left hand. The moment the heat beoomes uncomfortable, dip the work in water 
standing by, and then replace it on the wheel dripping, it not being neoeaaarj to dry it Heat that 
will not hurt the flnsera, will not injure the temper of the eteel. 

" If a wheel breaks, nearly if not all the fnigments will fly in the line of rotation. In grinding, 
therefore, stand as clear as possible of this line, to avoid injury in case of accident. Bailway trains 
•ometimes come to grief. An emery wheel running the same speed may do the same, but will not 



" Host Important of all, remember that bir working gives beet work. Forcing work against a 
wheel injnrea both, cansea risk of socident, hastens the weai of the wheel, frequently causes 
glaring, which never happens with pmper grinding, and iasure to wear a wheel nntrne and involve 



veiTfreqnent trufflng up. 
There is" 



... s limit to the nae of emery wbeeli for fettling castings, and that ia the si 

weight of the onstinn. All castings, whether iron or brass, not too heavy or anihapel j to be readily 



weight of the onstinn. All castings, wheUier iron or brass, not too heavy or anihapely to be readily 
hwn'tlV'*! shcmld be Jettlsd by the solid emeir wheels, and it ia placed beyond dispute by the expe- 
rience of yeara, that this plui is cheaper and mofS pnwitioal than any other. 

We MB Httle reason to donbt that the soliil wheel will in time entirely displaoe the grindstone. 
There is ready do advantage in the very large sixe of giindstonea, and tlie great variation between 
their nasbnnm and minimnm siie, causes mnoh inooDTenienoe to the workman. The siie of emenr 
wheels iasDcb that they oocnpy but little spaoe, and are moimted with the greatest ease and speed. 



They are BO stron([ that they oan be run at an Immense apeed,Bnd being comppeed of angular grains 
of a mineral oEily inferior in hardness to a diamond, they cut much more rapidly than grindstones, 
whose uneven texture is mainljr caused by round and waterworo particles of silica. While the 
■tones have to be roagbed and picked from time to time, no really good emery wheel ever reanires 
toch treatment, presenting alwajsa &08b, free, sharp-outtiag surfaoe. In oonaeqneoce of the hard- 
nea* of the lurface and the verybigh apoed, the work needs to be iigbtlj tonched to the wheel, and 
tlie selection of heavy men as grinders is done away with, as are also the swinging boards, housings, 
and applianoee for getting pressnie. Owing to the moderate Bile of the wheels, Ibey can be easily 
tuned with diamond tools, and tbtis always revolve as perfect eirclee, insleod of becinning ecoentrio 
as the stones da 

—Figs. 1730, 1T31 Illustrate a set of ptate-bending rolls made by Grant and 
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Macfarlane, of Johnstone, near Glasgow. It will be seen that the upper part of the frame osrrying 
the bearing and elevating screw is made in the form of an arch, and is attached to the lower pari by 
two bolts : when necessary, one of these bolts may be removed, and the top frame swung clear 
round on the other. Bent plates may be straightened in machines of this kind by running them 
through the rolls, with the top roll set to neutralize the existing curves. 

Angle-iron, y-iron, and bulb- 
iron may be bent in the same 
way as plates if grooves of the 
proper snape are turned in the 
rolls ; but in the machines 
usually employed for this pur- 
pose the works are placed verti- 
cally, and project clear of the 
fh&me. In the machines for 
bending garboard strakes, tlie 
garboara stroke is the line of 
plates next the keel of a ship, 
the plate to be bent is dambed 
to a table, and the bending-roll 
brought to bear upon it by a 
powerfully-geared quadrant at 
each end. Machines for flang- 
ing and preparing the edges of 
plates are now generally used in 
the best boiler works, and not 
only effect a considerable saving 
of time, but turn out cleaner 
work than that done by hand. 

Hydraulic Tools, — For cir- 
cular work, the most rapid way 
of forming a flange is to give a 
rotary motion to the work, and 
deflect the edge by bringing rollers to bear upon it. Where the work is irregular, and cannot be 
operated upon by a rotary machine of this kind, the flanging is usually p^ormed by pressing 
the work oetween dies, on the plan of Piedboeuf 's hydraulic flanging machine, Fig. 1732, a 
similar arrangement of hollow dies is em- 
ployed, except that the movable die is fixed 
on the plunger of a hvdraulic press. 

The plate required to be flanged, having 
been properly neated, is drawn out from 
the furnace over iron bars, on to the annular 
ring. Fig. 1732. The four small plungers 
carrying the table are then opened to the 
accumulator pressure. This table, rising 
up quickly, firmly holds the hot-plate 
against the top die, until the pressure being 
admitted into the Inrge cylinder, the ram 
of this also rises, carrying the lower mov^ 
able table, on which is attached the annular 
ring, on which in the first place the plate 
was placed till adjusted and securely held 
by the movable table. The ring, travelling 
up, catches the projecting edges of the 
plates to be flanged, and bendd them accu- 
rately over the die. The valves of both 
the main and small cylinders are then 
opened to the exhaust. The large one falls 
very rapidly, owing to the weight of its 
parts, and the plate just flanged thus comes 
off the die immediately before it has had 
time to contract on it. One valve works 
all the four small, and another the large 
cylinder. 

A variety of irregular shapes can be pro- 
duced by this machine, such as locomotive 
fire-box ends and front tube-plates with 
reverse flanges, and it is stated the savins 
amounts to fully two-tliird^of cost by hano. 
This is without taking into consideration 
the economy in being Me to use plates of an inferior quality in place of hij?h-class brands, which 
may be onl v necessary because the commoner, but equally strong kinds, would not stand the flre and 
working ; but there is the additional saving in cost in the fitting together afterwards, in saving of 
fuel, and wear and tear of furnace. A 4-in. thickness of plate and 7 ft. diameter can have a 44-in. 
or 6-in. flange put on all round in a little over 30 seconds. The only limit to the machme*8 
performance a day is the fornace power which can be placed round it. 




MACBINK TOOLS. 




868 



MACHINE TOOLa 



Similar resnlts are obtained ^y the use of the presaes devised by Haswell of Vieniia which are 
illustrated in Figs. 1733 to 1738. The pumps are worked by a horizontal direct-acting steam 
cylinder, of large size, the working of which is directed by an antomatio arrangement^ so that it is 
perfectly and instantaneoosly under the control of the driver. 

Fig. 1733 is an end view of the press and steam engine. Fig. 1734 a side elevation. Fig. 1735 
is a vertical section. Fig. 1736 horizontal sectional plan. Fig. 1737 a oroes-section of the steam and 
cushion cylinders. Fig. 1738, 
a horizontal section, through 
the chambers of the rege- 
lating valves of the press, 
and the attachment m the 
water pipes. 

The press consists mainlv 
of two vertical cylinders A 
and a, of different sizes. 
These are fixed to a large 
cast-ircm frame B, of crnci- 
form shape, supported eo 
four malleable-iron columns, 
firmlyseeured to a bed plate 
B'. The two pistons a' and 
</ have cross heads fitted on 
their outer ends, connected 
at their extremities by two 
strong malleable -iron side 
rods 6, so that the pistons 
work simultaneouslv. These 
rods, passing through grooves 
formed in the upper frame B, 
and the intennediate steady- 
ing firame B" act likewise as 
guides to prevent the rams 
turning. 

The hammer is fitted to 
the lower end of the pressing 
nun A', and the bottom anvO 
bedded to the bottom bed- 
plate B'. The moin steam 
cylinder D is fixed horizon- 
tally on a strong bed plate, 
the piston rod passing 
througn packed stuffing 
boxes at both ends, to which 
are attached, in the same 
line and plane, the rams of 
the respective hydraulic 
pumps. 

A small steam cylinder 
E is placed by the side of 
the main steam cylinder to 
work its slide valve. At- 
tached to the valve rod of 
this steam cylinder £, by the 
lever I, is a tappet rod J, 
which is worked automati- 
cally by a projecting ann 
attached to the croeshead D" 
of the ram of the pump cT , 
this acting upon the slide 
valve cft the small cylinder 
E, which in its turn actuates 
the slide valve F of the main 
cylinder D, which works the 
pumps of d and (f . 

The discharge branches 
of the two pumps d and d' are 
oonnected by the pipes e 
and e' with the passages and 
chambers formed as in Fig. 
1738. The inlet and discharge regulating valves/ and /*, are worked by levers L L, having rods 
attached to their free ends, and directly connected with the piston rods of the two small auxiliary 
steum cylinders g and g\ The slide valves of these auxiliary cylinders are controlled by means of 
the hand levers h and h'. 

The small cylinders K are charged with oil, and have perforated pistons, the rods of which are 
also oonnected to the regulating valve levers L L. These relieve the sudden shook incident to the 
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ivork pat upon the leyen. iT^s. 

There ia also a loaded 
safety Talve, not ahown, 
phioed in a oonTenlent posi- 
tion on the piessare plpe^ 
for relief in case of need. 

The piesB may be 
worked at any desired preesoze^ legnlated by the 
boiler steam pressnxe, and either a Gght or heayv 
blow, or sqneeae, can be given to suit the work 
in hand. The velocity or nnmber of strokes a 
minnte^ depends npon the eiBcient action and 
rapidity with which the two aoziliary cylinders 
g and f can be worked, as these regulate the inlet 
and escape yalyes / and /*, the driver having 
merely to handle the levers h and h' of the slide 
valves. Ko expensive foundations are required, 
as both the engine and press are self eontained. 

The slabs swaged by this press are always 
hammered to some extent befoie being put into 
the mould, and similarly to all special tools, Has- 
well's press can only be used at a pecuniary advan- 
tage for work in which there is repetition. In 
such cases the saving is very great, as for instance 
with looomotive cranks and wheels, it may 
•mount to as much as 50 per cent, and even more, 
as compared with forgiogs finished under the 
hammer* 

1739 



1T37. 












McKay and Maogeorge's 60-ton hydraulic riveting machine, Fig. 1739, consists chiefly of two 
leven» each 12 ft long, the left-hand lever being stationary, and carrying the hydmulio 



870 MATEBIALS OF OONSTBUCTION, BTEENGTH OF. 

cylinders, whilst the other turns upon a centre and advances or withdraws the dies from the work. 
In oonsequenoe of the levers being of so large a radius, the arc described by the end of the movable 
one is for all practical purposi-s a straight line, and no inconvenience results firom the obvious 
theoretical objection that the movable die travels in the arc of a circle. Both cylinders and working 
parts are quite out of the way, being placed beneath the ground within a pit, which is carefully 
closed, and so protected from frost, as well as from danger of injury, accidental or otherwise. 
Guarding against frost is a very great consideration, as hydraulic cylinders are often left full and 
become liable to burst through their contents freezing in winter. 

The machine is actuated by turning the starting handle and so giving motion to a slide valve 
of peculiar construction, which, at its highest position, allows free communication between both 
hydraulic cylinders and the exhaust ; a slight movement downwards connects the accumulator with 
tne bottom of the piston of the small cylinder, which is of sufficient area to overcome the friction of 
the packing of both cylinders, and friction and inertia of levers, and thus the dies are brought 
quickly up to their work, wiiilst from the elevated exhaust cistern, water flows in behind the lam 
of the larger cylinder, thus effecting a material economy in the quantity of water required to be 
supplied under pressure. 

The valve is next moved lower, allowing full aooumulator pressure to come upon the larger ram, 
which in this particular machine transfers to the dies a pressure of 60 tons. After a slight pause, 
which is necessary to cool the rivet, the hand- wheel is reversed and the slide valve returned to its 
highist position, thus allowing the cylinders to empty themselves, whilst a constant pressure on the 
annular area of the small piston always draws the levers back, and the attendants make ready 
another rivet, and alter the position of the boiler shell under operation. The depth of gap is 
5 ft. 3 in., which is found to be sufficient for ordinary boiler work, but this length can be increaised. 
When not required for riveting, this macliine is used for the purpose of bending or straightening 
ships' beams and girders whilst cold, an application of value. The straightening or bending jaws 
are placed midway between the centre ana the riveting dies, and if necessary a pressure of 120 
tons can thus be brought to bear upon a beam or girder pUced between them. Moreover, they can 
be adjusted so as to take in any depth of beam, and as the^ do not interfere with the employment 
of the machine for riveting, they are as well fitted for occasional as for constant use. 

MATERIALS OF CONSTRUCTION, STRENGTH OF. 

The materials of which engineering constructions are made have had their properties made the 
subject of exhaustive research, but the introduction of new materials, or the advance in the manu- 
facture of those which are already well established, demands constant and unremitting attention. 
As a constructive material, steel has made the most marked progress, and it is to be regretted 
that we have so few comprehensive accounts of its qualities. That of Daniel Adamson, of Man- 
chester, read to the Iron and Steel Institute in 1878, from which we quote at length, is, however, a 
marked exception. Adamson remarks that numerous experiments have been conducted by several 
eminent engineers to prove the tensile strength of iron and steel, both in the shape of bars and 
plates. Unfortunately, however, many of tiie tests have been carried out with rude testing 
machines, rendering it difficult to obtain a true result of the endurance and strength of the metfd 
under investigation, 

In addition to this, a large proportion of the specimens tested have been of short lengths of 
metal, varying from 2 in. to 4 in., and in all such cases a higher tensile strain has been noted than 
can be depended upon in practice, while the elongation has also been much overstated, a large pro- 
portion of the extension or the specimens arising from a contraction of area, or breaking elongation. 

With an accurate and sensitive testing machine, the maximum load is always carried in tlie 
mild ductile metals when about five-eighths of the elongation has taken place, the remainder, down 
to the point of breakage, is developed with a gradually reducing load. 

Ordinary iron boiler-plates and hard steels are an exception to this law, and nearly universally 
break with a maximum load, but with little or no reduction of area. 

Some experimentB, conducted to determine the strength of steels with fixed proportions of 
carbon only, have been recorded by Yickers. Unfortunately, in this case, no cognizance waa 
taken of other disturbing ingredients ; but, as the tests in question were more especially to deter- 
mine the strength of crucible steels, mostly used for tool-cutting purposes, they were of little value 
to the constructive or mechanical en^neer to guide him in his practice. 

Adamson states that having used, practically, a comparatively mild class of steels or ingot irons 
for twenty-one years, he has at times found from cold mechanical bending tests some irregularities 
in the working of such metals, which required a more careful investigation, both as regards com- 
position, and the temperature at which they could be manipulated in Uie workshop and practically 
applied. 

He therefore tested the endurance of iron and steel when subject to concnssive force, such 
as can be produced by gun-cotton, gunpowder, or other explosive materials, partly with a view to 
understand what would be the effect on a steam boiler working under pressure, by the side of an 
exploding boiler, or the efieot on a ship by collision with another, and whether wrought iron or steel 
possessed the greatest power to resist such accidentally produced force. The experiments were 
conducted by exploding gim-cotton 12 in. above a series of iron and steel plates, varying in thick- 
ness from I to ^ of an inch. The iron plates tested were of best quality, the steel plates of a mild 
class, suitable for boiler and shipbuilding purposes. 

All the iron plates subject to ex[>losive test were 18 in. square by ^^ ^* thick, placed upon a 
cast-iron anvil blo(;k, about 20 in. square, having a segment of a sphere gouged out on the top side, 
10 in. diameter and 4 in. deep. 12 in. above the plate 3 lb. of damp gun-cotton were fixed by 
a tripod of laths, attached to the cotton by two indiarubber rings. Again, upon this was plooed 
2 oz. of dry gun?cotton with a time fuse attached, to ensure a complete exploc>ion of the damp com- 
pressed cotton. 

On the gun-cotton exploding, the iron plate was entirely broken through 10 in. in diameter, and 
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the centre piece forced down to the bottommf the anvil block, breaking up in an inegolar line in 
the direction of the fibre, and to some extent across it. 

The same experiment, precisely, whs conducted on a steel boiler-plate, but only f in. thick, 
which, after the explosion, with the same weight of gun-cotton, and under exactly similar arrange- 
ments, was depressed 3 in. into tlie recess of the anvil block without the slightest sign of fracture or 
any apparent injnry whatever. 

These experiments were repeated with the same result on five more best beet iron, and five 
mild steel plates, the latter being both of the Bessemer and Martin-Siemens system of manu- 
facture. So far these, experiments were oonclusive in favour of mild steel to resist violent concussive 
force. 

With a view to get a full and more exact knowledge of the reasons why the iron plates broke 
up so much, as compared with tlie mild steels, a further series of thirty experiments were carried 
out, operating upon twenty-seven plates of varying quality, selected from the principal manufac- 
turing districts ; the iron phttes of best and best best boiler quality from Staffordsliire, Shropsltire, 
and Yorkshire, including the Low Moor class ; the steel plates both from the Bessemer and Martin- 
Siemens class of makers. 

The composition of each plate is given in Table I. with figured references. 

Table I. — Concussivb Tksts or Iron and Steel. 
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The annealM mild steels again show a marked superiority of endurance, as will be seen on 
reference to Nob. 5 and 6, 15 and 16, and 19 and 20. 

In the case'of the first twenty-seven tests, the charge of gun-cotton was reduced to 1) lb., but 
being exploded 9 in. above the plate, instead of 12 in., as in the first tests. Attention may be 
further called to Noe. 15 and 19, as these plates at the first explosion were dished down into the anvil 
about 1 f in., after which the plates were turned with the convex side up, and a further charge of 
1} lb. of gun-cotton was exploded 7i in. above the crown of the plates, producing thereby a double 
corrugation without the plates exhibiting any outward sign (if distress or injury. The mild steel 
thus showed powers of resisting concussive force, probably unequalled by any other metal that has 
ever been manufactured. 

The two plates referred to had both been annealed previous to the first explosion, and the need 
of such annealing is illustrated by Nos. 17 and 18, which cracked and brake up by the explosion, 
the broken plate being forced down to the bottom of the dish in the anvil, althougli of a very good 
quality of mild steel. 

The plate from its appearance bad evidently been finished from the rolls at a low heat, and had 
a fine, smooth, oxide steel surface. 

The necessity of annealing is further shown by the same class of plate, being of exactly the 
same quality. No. 21. This plate was experimented upon after being tempered in oil and after- 
wards annealed. The composition of this plate may be considered about the same as a great many 
Bessemer and Martin-Siemens mild steel plates. 

The steel plate No. 5 was ruptured or split by the explosion. The cause of this was not known 
or understood until a full analysis was secured, wheu it was discovered that the plate in question 
contained about three times as much of sulphur and phosphorus, as is common to an average good 
Bessemer or Martin*Siemens mild steel boiler-plate. This experiment will probably explain why 
some breakages have occurred in the use of steel plates for boiler purposes, sunply because the 
metal was of inferior quality, and establishes tlie need of a careful investigation into the character 
of the metal an en>;iueer may select for practical purposes. 

The classes of wrought-iron boiler-plates thiit broke up by the explosion, are represented by 
Nos. 11 to 14. Those that endured best by Nos. 7 to 10. 

In tiiese cases the sulphur is oniv a trace, while the plates have about the same measure of 
phosphorus that is contained in the other iron plates that broke up in every direction. The leading 
feature of the rupture of the iron plates, in the whole series of the experiments, may be said to 
closely follow in destruction, the quantity of sulphur, phosphorus, and cinder contained in the 
metal. 
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Further experiments vrere conducted with a view to teei the iron and steel plates in qnesttoD hf 
drifting a washer cnt from each plate. All the washers had a hole drilled in the centre, equal to 
the diameter of a rivet hole for the same thickness of plate, and with an outside diameter equal to 
the lap of such a plate for sinffle-riyeted joint. 

The ordinarv best best boiler-plates, of yarying qualities; show an extension in the diameter of 
the whole, by drifting from 27 per cent, up to 50 per cent, while the best high-claas Torkshize 
plates endured drifting up to 91 '5 per cent, before bursting. 

Referring to the drift tests of the n^ld steel plates, the holes being -f^ smaller to begin with, 
or f ^y^, the outside diameter being proportionately less, agreeing with the thickness of the plates, 
the enlargement of the holes by drifting range from 183 per cent, to 187 per cent. 

These drift tests further illustrate the necessity of annealing, as these proved plate No. 17 to 
be of « moderatdy good quality of metal, but before being annealed the explosive force broke 
it up. 

The composition of the two mild steel plates that withstood the highest drift test, Nos. 15-20, 
both show a low measure of carbon, but No. 19 had slightly less phosphorus than No. 15, and only 
I as much sulphur, thus, to some extent, explainine chemically tnat a higher endurance of drifting 
test is secured by the lowest measure of sulphur and phosphorus. 

The indentation by the ooncussive force also showed tnat tlie corrugation is greater in No. 19 
than in the plate, further proving it to be of rather milder quality, having slightly less carbon, less 
manganese, less phosphorus, and very considerably less sulphur. The only further reference, in 
the matter of drift tests, is No. 5 ; the increase of the diameter of the whole before bursting amounts 
only to 1 22*1 per cent This plate having a larger measure of sulphur and phosphorus than the 
other steel plate, did not stretcn as much by about 40 per cent as the others of better and standard 
quality, ana cracked bv the explosion. 

Innumerable records have oeen published giving the tensile strength of iron and steel ; the 
quality, as a rule, has only been defined by the maker's name being attached to it, without anj 
tnou^ht or care as to what the metil was composed of. 

Great discrepancies have therefore arisen, and Kirkaldy, in his published records, 1862, gives a 
number of tests which were carried out by him between the years 1859 and 1861. It \a stated that 
'* the startling discrepancy between experiments made at the Boyal Arsenal and by Kirloddy is 
due to the difference in the shape of the respective specimens, and not to the difforence in the two 
testing machines." 

A record of the experiments here illustrated, Adamson contends, dearly disproves and sets 
aside this conclusion, whilst a fuller investigation of the constituent elements of the metal will 
plainly explain the difference that is reputed to have arisen, by the variation in the shape or 
sections of the specimens tested. This, however, is open to question. 

The specimen 23, Table II., is a piece of mild steel boiler-plate of average good quality. This is 
bonie out by the mechanical test, a permanent set being induced by a strain of 19*86 tons a sq. in., 
cirrying a maximum load of 29*91 tons, with an elongation of 15 per cent., and ultimately broke 
down with 25*89 tons a aq, in., and a total donation of 26 per cent. After the maximum load 
hod been carried, the specimen began to reduce m sectional area about the middle for a distance of 
from 2 in. to 3 in., carrying less and less load as it elongated, until final destruction took place at 
about 26 tona The carrying power is about the average of a very mild steel boiler-plate, and firom 
the composition such a result might be expected. 

The specimen No. 24, Table U., is taken to illustrate the carrying power of a plain rectangular 
section of steel boiler-plate, nearlv a square inch in sectional area, but which is not of the highest 

?[UitIity, as indicated by the quantity of sulphur and phosphorus it contains, but to secure a stendsjrd 
orce to break this class of metal, with irregular sections. 

Noa. 25 and 26 are cut from the same plate, and are of tlie same composition, but planned out 
to produce a channel section, being increased or decreased in breadth to xnaintain the section equal 
to about 1 sq. in. 

A series of tests were made with variable sections of this character, but practically no difference 
was found, after the maximum strain had been taken, arieting from the difference in form, and this 
will be seen from specimens tested. No. 24 carried a maximum load of 27*72 tons. No. 25 canyinf 
27 '7 tons, and No. 26 carried 27*8 tons a sq. in. These, together with more testa, on round, 
squnre, and rectangular bars, all show that variable sections do not alter the carrying power; the 
disturbing iufiuence being entirely that of composition, coupled, no doubt, with more or less 
careful manipuhition and work put upon the material. In making tensile tests of this character, 
short specimens of 27 in. to 4 in. are inadmissible, and at best misdirecting. 

The mild steel specimen. No. 27 had its surface rough poUshed, over the 10 in. under test and 
divided off into ten equal parts. This test was carried on until the maximum strain was upon it, 
and by its elongation it showed itself to be of a very mild quality, requiring to induce' permanent 
set 16*96 tons a sq. in., and carrying a maximum load of 27*67 tons, with a total elongation of 
18*5 per cent. Tne load was then removed, leaving the plate unbroken. 

The elongation of each separate inch was recorded, and it wss found that the first inch elongated 
14 per cent, the second inch 17 per cent, third inch 19 per cent., fourth inch 21 per cent., the fifth 
inch, arriving at the middle of the specimen, 23 per cent, the sixth 23 per cent, the seventh 20 per 
cent, the eighth 17 per cent, and the ninth 17 per cent., or the same as the second moh, while the 
tenth elongated 14 per cent, being the same comparative position as regards the ends as the first 
inch, and also the same elongation. 

A similar plate, No. 28, and of the same composition, was next operated upon, the permanent 
set taking place with 16*96 tons, maximum endurance 27*45 tons a s<}. in., with an elongation of 
18*5, and oeing the same as the preceding test, within the most tnvial fraction, the test was 
continued until the elongation reached 25 per cent, with a carrying load of 25*4 tons a sq. in. 

It will be seen, by the test of an elastic sample of this character for a few inches, that a yexy 
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large meaanre of the elongation is due after the mazimnm load has heen carried, this heing called 
the breaking elongation ; while the power to carry an undue load is illustrated by the small 
elongation at the two end inches, as supported by the stronger portions of the specimen that 
are in the grip boxes of the testing machine. 

Table IL — ^Hbohakioal Tmv of laoir and Steel. 



Ko 
of 

Tctfcl 



28 
24 
25 
26 
27 
28 
29 
SO 
81 
82 
84 
85 

86 

87 
38 
89 
40 
41 
42 
43 
44 



Material 



Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Steel 

Iron 

Iron 

Iron 

Steel 

Steel 

Steel 



Steel 
Bar iron 
Bar iron 
Bar iron 
Bivet steel 
Bivet steel 
BiTet iron 
BiYct iron 



• * 
« • 

• ■ 

•* 



Size of Specimen. 



in. 
10 
10 
10 
10 
10 
10 
8 
10 
10 
10 



I 



tn. 
2-66 
2-0 



In. 

875 

475 



Channelled 
Channelled 



2-35, 

i2-35 

;2-66 

2-66 

'2 -35 

|2*38 

Drilled 

Punched 

Punched 

and 



i 



Fennaoent set 

Indnced a 

aq. In. 



annealed, | 
Punched 



10 
5 

10 
5 
5 
5 
5 



1 
1 
•90 



425 
425 
•375 
'375 
•425 
•42 
•4375 
•4375 

•375 

•875 
1 
I 
•90 



In. Vtk I tone. 

•0 44.50019-86 
•95 43,68419-5 
•91875,43. 537I19-43 
•9312545,10620-13 



\^ in. diam. 

>» n 
fin. ., 















093 

093 

89 

89 

7854 



810 

8712 

3712 

'6013 

'6013 



Maximnm atnin 
aaq. in. 



38,000.16^96 
38,00016-96 
60,40026*96 
37,50016-74 
37.50016-74 
35,48l'l5-84 



39,006 
38,426 

55,952 

50,184 
36,287 
25,200 
27,777 
52.262 
53,340 
39,913 
39,913 



17 
17 



43 
15 



24-97 

22*40 
16-19 



11 
12 
23 
23' 



25 
8 
83 
81 
17*81 
17*81 



lb. 
67,000 
62,105 
62,040 
62,281 
62,000 
61,500 
120,000 
57,000 
55,000 
45,696 
63,677 
49,040 

55,952 

50,184 
58,476 
48,600 
44,074 
76,778 
78,394 
54,881 
56,544 



tons. 
29-91 
27-72 
27-7 
27*8 
27*67 
27-45 
53*57 
25-4 
24-55 
20-4 
28-43 
21*89 

24*97 



pernmt. 

15-0 



22' 

28 

19 

19 

34 



40 
87 
46 
64 
27 



19- 

16 

17 

18' 

18- 

14' 

14' 

15 





5 
5 
5 
5 

5 



5-75 



34-99 

24*5 

25-24 



18' 

33 

20' 

28' 

18' 

16 

18- 






5 
5 
5 
5 



Final Breaking 

atnin on original 

area a iq. in. 



lb. 
58,000 
52,105 
55,512 
55,302 

57,000 
120,000 
57,000 
55,000 
45,696 
63,677 
49,040 

55,952 

50,184 
50,929 
29,000 
29,753 
60,614 
53,906 
50,728 
49,890 



tons. 
25-8926-0 
28 •25.24*0 
24*7821-0 
24*6824*0 



25*4 

53*57 

25*4 

24*55 

20-4 

28-43 

21*89 

24*97 

22*40 
22-73 
12-94 
13-27 
27*05 
24-06 
22-64 
22*27 



25 
14 
18 
15 
5 




-5 


5 

•75 






20 

39' 

23 

34 

33 

28' 

33 



5 

5 

5 
5 




No. 29, Tables IL and III., is a specimen of a much more highly carbonized steel, evidently 
well adapted for the bottom flanges of girders of bridges, or for suspension chains of bridges, as over 
several tests a noteworthy foot is that great uniformity has been proved. 

The original area of the niecimen being one square inch, permanent set was indnced by 26*96 
tons ; it carried a maximum load of 53*57 tons, and elon^ted 14*5 per cent, being an elongation 
equal to the best boiler-plate iron, and carrying a load to induce permanent set, just about equal to 
the full carrying power of the best Torkahiie boiler-plates, thus showing that metal with about 
half per cent, of carbon, 1 per cent of manganese, with a low measure of silicon, sulphur, and 
phosphoruB, can be depended upon to carry double the load of the best wrought-iron plates that can 
be produced, and with as mucn dependence as regards elongation. In the drift test of the same 
spedmen, being of the same proportion as those proviuusly described, the bole increased 89 per cent 
in diameter. The power of this metal to endure enlargement by drifting, may also be classified with 
that of the best iron boiler-plate ; the steel withstood 89 per cent, as against 91 i per cent, of the 
drift test of the best Yorkshire boiler-plate of the same size and thickness. 

Ko. 30 is a specimen of best Yorkshire boiler-plate; to induce permanent set it required 16*74 
tons, carrying a maximum load of 25*4 tons, witn an elongation of 14 per cent, maximum, and 
breaking load being the eama The ultimate stretch or elongation was 18 per cent., or 4 per cent, 
increase, after beginning to carry the maximum weight. This, like all other plate-iron specimens, 
broke under a maximum load, with a moderate elongation, and with no warning, as compared with 
mild steels. 

The composition of this metal is stated on Table III., from which it will be seen to be a high- 
class iron, by the absence of sulphur, and the small measure of phoshorus, and it is supposed to 
contain only about 2-4 per cent, of cinder. This specimen was tested with the grain, or in the 
direction the plate had been rolled. 

No. 31 illustrates a specimen of best boiler-plate, tested in the direction of the grain. The 
composition shows a small measure of carbon. Permanent set was indnced by 16*74 tons; carried 
a maximum load of 24* 55 tons, with an elongation of 15} per cent, and then broke down suddenly 
with the full weight. No. 32 is a specimen of boiler-plate much used in Lanca8hire, that waa tested 
with the grain. The composition shows the plate to be milder than the last, and it has a lower 
measure of alloying ingredients. Permanent set was induced by 15-84 tons; carried a maximum 
weight of 20*4 tons, with an elongation of 5-75 per cent ; on the load being continued a short 
while, the specimen broke suddenly without further elongation. This plate ought to have carried 
much more, had it not contained about 3 '54 per cent, of cinder. 

The specimen No. 34 was pulled asunder, having two drilled holes, and No. 35 is the same in 
every respect, except that it had punched holes. 
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The plate with drilled holes roquirod to produce permanent set, through line of the holea, 17*43 
tons a Bq. in. of plate left ; carried a maximum load of 28 *43 tons, with an elongation in the hole 
of 56 ' 66 per cent^ breaking: through without further change, with the full weight The plate with 
the punched hales required to produce permanent set, 17* 15 tons a sq. in., or aoout the same as the 
preceding one, but only carried a load of 21 *89 tons, breaking suddenly through without warning, 
with a loss of 29*8 per cent in strength, and of elongation of 33*33 per cent, through punching. 
This plate was not annealed after punching. 

The drilled plates carry a somewhat higlier tensile strain through the line of'hole, as a rule, in 
proportion to the sectional area of the metal left, than a solid section of plate, no doubt, the circle 
of tlie holes, supporting the smalieot section through their centre line. 

Numerous experiments hare been conducted with a ?iew to ascertain the force required to 
punch holes through a given thickness of plate, but without taking cognizance of the quality of the 
metal. 

To punch a hole through a steel plate, equal to a sectional inch of detruded area, may be found 
by multiplying the maximum tensile strength, a s(}uare inch, by 0*74, of the same metal, which 
will give the force required, the detruded aren, meaning the circumference of the punch, multiplied 
by the thickness of the plate. This law may be depended upon both for the soft and the hard steels, 
and the total force to punch a hole through a hard plate, as compared with a soft one, may be said 
to accurately follow the law of its maximum tensile carrying power, so that a strong steel requires 
exactly a proportionate increase of force to punch a hole through a given tliickness of plate, as it 
does to pull it asunder. 

No. 38 represents a round bar of Cleveland iron, 1 in. diameter, length under test being 10 in. 
Permanent set was induced by 16*19 tons, carried a mnximum load of 23*87 tons, with an elonga- 
tion of 18 per cent., and finally broke down with 22*73 tons a sq. in., and a total elongation of 20*5 
per cent No. 39 is a specimen of an inch square bar, of a Lanoasliire iron made out of special 
brands of cast irons, carefully selected from English and foreip;n productions. The purity of this 
iron is remarkable, as shown by its analysis, whilst its mechanical behaviour was equally singular, 
only requiring to produce permanent set 1 1 * 25 tons ; carried a maximum load of 19 - 46 tons, with an 
elongation of 33 per cent, and broke with a strain of only 12*94 tons a sq. in., and a total elonga- 
tion of 89 per cent. This metal being singularly pure, further attention will be called to it, to show 
its great endurance over a large range of working temperature. 

No. 40 is a specimen of Swedish bar iron tested over 10 in. in length, and lined off into separate 
inches, to further illustrate the peculiar behaviour of a ductile metal. Permanent set was produced 
by 12*3 tons a sq. in. ; carried a maximum load of 19*64 tons, having then stretched 20 per cent, 
broke down with 13*27 tons, and a total elongation of 23*5 per cent. Had this bar been tested over 
a length of 2 in. only, the total elongation would most probably have been registered by the two 
middle inches where the bar pulled asunder, which stretched in themselves 46*25 per cent., while 
the two end inches only elongated 14*5 per cent., thus showing that the two middle inches stretched 
81 * 75 per cent more tlian the two end inches, and 22 * 75 per cent, more than the average of the whole 
10 in. Besides, that an undue elongation must be recorded with a short specimen, it is more than 
probable that a much higher strain would have been carried before the maximum load was attained. 

The 10-in. length was adopted by Adamson with a view to neutralize the extreme elongation 
caused by what is now pronounced as the breaking elongation, besides with a moderate length there 
is a greater probability of an ncourate record being secured of the exact carrying power of the metal. 
The 10-in. length also gives facility for a simple division into one hundred parts, and by fixing a 
scale on the testing machine the elongation per cent can be easily and accurately read off there- 
ttom. 

Nos. 41 and 42 are illustrations of -H-in. mild steel bars largely used for rivets, and is of boiler- 
plate trpe of metal, but with more work put upon it to make into bars; No. 41 required 23*33 tons 
to produce permanent set, carried a maximum load of 34*27 tons, with an elongation of 28*5 per 
cent, finally breaking with 27*05 tons a sq. in., with a total elongation of 34 pkn cent, on tiie 10 in. 
length. No. 42 required 28*81 tons to induce permanent set, carried a maximum load of 84*99 
tons, with an elongation of 18*5 per cent, breaking down with 24*06 tons, and having a total 
elongation of 33*5 per cent., showing a very great difference to exist in the powers of endurance 
between the carrying load of a mild steel and a comparatively pure wrought iron, yet the steel 
elongates nearly as much as the soft metal, illustrating in every way the greater powers of endure 
anoe of a mild cast steel or ingot iron over a puddled pure wrought-iron bar. Nos. 43 and 44 are 
specimens of |-in. round rivet iron, specially made. These were tested in the same way as the pre- 
ceding. No. 43, requiring to produce permanent set 17*81 tons, carried a maximum load of 24*5 
tons, with an elongation of 16*5 per cent, and a final breaking load of 22*64 tons a sq. in., with a 
total elongation of 28* 5 percent. No. 44 required 17*81 tons to produce permanent set, carried a 
maximum load of 25*24, with an elongation of 18*5 per cent and a breaking load of 22*27'tons, 
the total elongation being 33 per cent. 

These bars are shown to be comparatively high-class irons, possessing a moderately full tensile 
strength with great elongation and endurance, and such iron is a very safe metal for rivet purposes. 

In attempting to wela steel boiler-plates, it is necessary to ascertain the composition of the metal 
before putting any labour upon it, and it is desirable that the carbon should not exceed |th of a 
per cent., whUe the sulphur and phosphorus should if possible be kept as low as *04, silicon being 
admissible up to the extent of a -j^^th of a per cent. Further experience is yet required to ascertain 
what exact composition gives the most satisfactory results by welding. At present some preference 
maybe given to the Martin -Siemens class as compared with Bessemer metal, when both are of about 
the same chemical composition. 

Few or no malleable metals, such bb wrought iron or mild steels, can be found in the open market 
that possess a range of endurance at all varying temperatures, say from cold up to red heat, but 
nearly all ordinary bar or boiler iron and mild steela will endure considerable percussive fixroe when 
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oold, and up to 450° Fahr., after which, as the heat is inoreased, probably to near 700°, they are all 
more or less treacherous and liable to break up saddenlv by percussive action. The poorer class of 
metals at this temperature, which may be called a ooloor heat, varying from a light straw to a 
purple and dark blue, are simply rotten. Some of these peculiar properties are iUustrated by a 
serlirs of tests of various qualities of metal. 

Tablb ni. — Chemical GoMPOBinoir of Tsvr Pxbgbs, Tablb n. 




MaterUl. 



Fe. 



lln. 



81. 



23 

24 
25 
26 
27 
28 
29 
80 
31 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 



Bessemer class of mild steel 

♦» *9 W •• 

t» M )l •• 

n »♦ ff •• 

Subcarbonized class of mild steel 

Bessemer medium hard steel 
Special class Yorkshire iron .. 

Biost bedt boiler-plate 

Best best Shropahire boiler-plate 
Murtin-Sieiiicns dass of mild steel 

Bessemer class of mild steel 

Cleveland bar iron 

Special class bar iron 

Swedish bar iron 

Mild rivet steel 

>t f» 

Special class rivet iron 

»» »» » 



99-3 

99-057 

99-057 

99 057 

99-397 

99-397 

4 

9 

2 

8 

254 

254 
99 057 
99-16 



8 

8 

25 

25 

49 

9 



98' 

98 

99 

98- 

99< 

99 



99' 
99' 
99' 
99- 
99' 
99' 
98- 



0*18 
0082 
0-082 
082 
0-180 
180 
0*410 
trace 
04 
045 
220 
220 
082 
065 
trace 
023 
0-04 
0-12 
0-12 
trace 
trace 









0' 












1 



0- 





0' 

0' 

0- 



468 
68 
68 
'68 
'284 
-284 
080 
-18 
17 
•0S6 
432 
432 
'68 
61 
trace 
trace 
0-14 
0-49 
0-49 
0-10 
125 



8. 



023 
005 
005 
0050 
042 



031 
100 
100 
100 
007 



042 007 



P. 



Cn. 



055 



0031 



13 

15 

186 

Oil 

Oil 

OOS'O 

005!0 

1490 

037 013 

04 002 

02 008 

02 008 



nU 
0-03 
0-012 
0-041 
0041 
100 
084 
014 



19 
196 



002 
trace 



002 
02 
0-02 



trace 



0-005 



0-02 
0-02 



0. 



I 



0-037 

0-056 

056 

0-056 

0-090 

0090 

051 

003 

0-21 

0-208 

0042 

0-042 

0-056 

0-05G 

0*309 

00330003 

003 

0-04 

0-04 

0*2 

0-211 



■ • 



20 

658 









091 



0-80 
2*63 






nil 



Table IY. — Tempebatube Tests. 



t 



I 



il 
48 
49 
50 



MAteriAL 



Bar iron 
Steel 

Bar iron 



Site of Specimen. 



43 



in. 

5 
10 
10 

5 






in. I in. 
14 diameter 
2-66 '375 



06 



•485 



in. 

•994 
1-0 
10 
10 



Permanent Set 
a Square Inch. 



lb. tons. 
35,00015-62 
36,50016-29 
34,50015 4 
26,50011-83 



Maxlmom Strain 
a Square Inch. 



lb. 
56,000 
62,000 
59,500 
44,000 



tons. 

25-0 

27-67 

26-56 

19-64 



li 
II 



p»rc«nt. 

20-0 
190 
16-5 
24 



Final Breaking 

Strain on Original 

Area a Square 

Inch. 



lb. 
51.500 
52,500 
50,500 
28,500 



tone. 
230 
23-43 
22-54 
12-72 



per cent. 

27-0 
300 
27-0 
34-0 



Table Y.— Chemical Composition of Test Pieces of Table IY. 



Na 

of 

Test. 


Material. 


Fe. 


0. 


Mn. 


Si. 


a 


P. 


Cinder. 


47 
48 
49 
50 


Best merchant Iron 

Subcarbonized class of mild steel .. 
Martin-Siemens class of mild steel 
Special class bar iron 


98-389 
99-38 
99-224 
99-8 


0-063 
0-170 
0-200 
0-023 


0-204 
0-296 
0-500 
Trace 


0-206 
042 
009 
0-037 


0-018 
0-009 
0-035 
0-013 


0-334 
0-104 
0032 
033 


0-880 

• • 

• • 

• • 



The ordinary merchant iron, No. 47, shows that it may be bent cold or may be bent red-hot 
without signs of breakage or much distress. Nos. 47, 48, and 49 endure this bending test when cold 
and when red-hot, but at such a heat as can be induced by placing the metal into a bath of boiling 
tallow registering a temperature of about 610^ Fahr., these metals break through by being bent, 
lose most of their malleability, and snap off short under the action of the hammer. 

The same unfortunate element is exhibited by the mild claes of Bessemer and Martin-Siemens 
steel) with this diflTerenee that they bend better cold, and more easily when hot, but both break up, 
by percussive action, at the medium temperature before named, the Martin-Siemens enduring some- 
what better than the Bessemer class under these tests. 

No. 48 is a mild Bessemer metal, and 49 a mild Martin-Siemens metal ; 50 represents a Tery pure 
wrought iron. 

All the mechanical properties of these metals and their chemical compositions are shown by 
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Tables IV. and Y. It will be Been that the test No. 50, not only bent well cold and red-hot, but 
alfio at every intennediate heat at which the merchant iron and the mild steelB failed. 

Adamaon is of opinion that no metal, oontaining much above a trace of sulphur, can endure 
bending at this colour heat, while, at the same time, the phosphorus must be low ; in fiMst, such 
endurance can only be obtained by a comparatively pure iron unalloyed bv other ingredients. 

The mechanical power of No. 50 may again be referred to, that it only supnorted 11 *83 tons to 
produce permant^nt set, carried the low maximum strain of 19 '64 tons, but oy this foiroe it bad 
elongated 24 per cent., yet ultimately stretched 9^ per cent., and broke with 12*72 tons to the seo> 
tional inch of originul area, clearly establishing that with a comparatively pure iron to secure great 
ductility and malleability we can only have a low carrying power. This is the same class of soft 
pure iron referred to when No. 89 was described. 

The results. Table YL, were obtained by testing by corrosion three pieces of iron, and one 
medium hard, and one soft steel plate, in a water bath oontaining 1 per cent, of sulphuric add, 
for a period of seventeen days. 

Tablb YL — Cbemioal Comfobition or Ck>B]i06ivB Tkbtb. 



No. 


















of 


HftttrUl. 


Fe. 


C. 


Mn. 


81. 


a 


P. 


Co. 


Tcrt. 


















58 


Common iron 


98*8 


trace 


trace 


0-177 


0008 


0-523 


na 


54 


Tudhoe crown iron 


98-90 


trace' 


trace 


0-107 


trace 


0-217 


ni 


55 


Tudhoe best best iron 


99-00 


trace 


0-216 


0-111 


trace 


0-165 


nil 


56 


Medium hard steel 


98-40 


0-330 


1008 


0065 


0-022 


0-075 


traoe 


57 


Bessemer claas of mild steel 


99-354 


0-115 


0-504 


0-055 


0-028 


0037 


tiaoe 


58 


Pure iron 


99-900 


nil 


nU 


/slight 
\ trace 


8Ught\ 

trace/ 


0-040 


nil 



The specimens subjected to test were 2 in. square by | in. thick ; the loss in weight by oonoBion 
was recorded every twenty- four hours. 

The common iron. No. 53, in seventeen days lost 79 per cent of its total weight Tudhoe 
Grown iron, one of the brands of the Weardale Iron and Coal Ca's boiler-plates. No. 64, had a 
loss in the same time of 46*4 per cent. Tudhoe best best boiler-plate. No. 55, lost in seventeen 
dajrs 34-7 per cent The medium hard Bessemer No. 56 steel lost in seventeen days 13 per cent, 
wmle the soft Bessemer metal. No. 57, only lost 4-8 per cent. Attention may be called to tiie &ct 
that the metals, according to the impurities of their composition, lost most in the least time. 

On the second day the soft steel had lost consideraoly more weight than the hard steel, but at 
the end of the fourth day the hard and the soft steel had lost about equal degrees. From that 
period, however, on to the seventeenth day the soft steel. No. 57, did not lose as much as the hard 
metal by 8*2 per cent, and 74* 2 per cent less than the commonest iron in the same time. 

In the diluted sulphuric acid bath the evidences are quite clear in favour of mild steel and the 
purest iron to resist corrosion, but before as much can be said as to the influence of sea or salt water, 
a more extended and careful series of experiments are required. 

There can be no doubt that the medium hard class of steels, possessing double the strength of 
the best wrought iron that can be made, ought, without exception, to be applied to the purpose of 
bridge building and a variety of other similar structures. Up to this it has hardly found a place, 
and has had no consideration in proportion to its excellency and intrinsic value. 

The strength of a wrought-iron plate is seriously reduced when pulled asunder across the fibre 
in proportion to the quantity of cinder it contains. This unfortunate principle does not so much 
apply to bar iron, as the mixed cinder is rolled into streaks or in parallel lines with the bar, only 
slightly disturbing the tensile strength of the iron when it is subject to a strain in one direction, 
hence a combination of good pig irons may be used and manufactured into plate iron, but the good 
material be spoiled by having too much cinder alone left in the iron, always robbing it of its 
stren^^th and endurance in one direction to resist a working load. 

Cmder as mechanically mixed with wrought iron can be well seen by planing and polishing 
the trod of a wrought-iron rail ; the cinder is then sliown to form disruptive linte in the direction 
of the length of the rail, and when put to work under a heavy rolling load, the iron breaks down 
lateially for want of cohesion, arising from an interposition of earthy matter. 

The purity and superiority of a steel rail is made clear by subjecting it to the same treatment 

The test of the pure iron, Tables I Y. and Y., clearly indicates a low carrying power, but it is more 
than probable that such a metal, if worked down into thin plates, might be used in a large measure 
as a substitute for copper plates in the fire-boxes of locomotives. 

Ordinary merohant or Staffordshire iron, or a Cleveland bar, although only possessing a very 
small power to resist peroussive force at a colour heat, yet is much better adapted for the purpose 
of a chain cable or a rod to suspend a steady load, and though comparatively impure as iron, it 
possesses a much higher tensile strength than the purest wrought iron found. 

The strong metals that will carry the highest tensile strain and possess great resisting power 
must be carefully treated in the manufacture, or the whole of its advantages may be turned to 
destruction. 

The colour heat tests ought to be impressed upon all workmen to prevent the hammering d 
metals when half oold, or the heating of iron by red-hot iron for some final adjustment ; where 
hammering is required it would be a better and wiser policy to only heat the iron with boiling 
water, or fay applying steam against the surface a short time. 



MATEEIALS OF CONSTRUCTION, STRENGTH OP. 877 

Finishing forgings or smith's work by hammering at a black heat at all times proves highly 
injurious, unless great care is afterwards used in annealing, and it is questionable then whether the 
fml measure of strength of the metal in many oases is ultimately restored. 

This dangerous temperature can also he produced by allowing engine fly-shafts, railway 
carriages, axles, and sudi articles to become hot, and boil off the grease or tallow, or for want of 
lubricants attain a temperature at which thev are most liable to break down. In all such practical 
operatioiis the work should be stopped and the metal left to cooL 

In the case of steel fly-shafts, tne cooling of a hot neck by water has a tendency to split the shaft 
in the journal and produce transverse cracks, so that when afterwards put to work these cause 
it to break down disastrously. 

The strength of the purest iron, no doubt, is seriously interfered with at about 600° of heat F., 
and especially its power to resist percussive force, bat in what way the cohesion of the particles are 
disorganiied at a temperature midway between a cold Itar and a moderate working red heat, may 
not be easy to describe. Such, however, being the fact, the greatest care should be exercised in all 
such ordinary practical operations. 

In dealing with certain matters affecting the use of steel, E. March^, of Paris, remarks in the 
Journal of the Iron and Steel Institute, 1878, that, with the exception of carbon, the other sub- 
stances, such as manganese, phosphorus, and silica, do not afford us, despite all the experiments made, 
any exact notion as to their respective action on some of the properties of steel. Moreover, and 
with reference to the determination of the conditions under which the experiments should be con- 
ducted, there still prevails the griatest uncertainty, on account of the difftculty of establishing 
exactly the relation between the results of, for example, a traction experiment and the effecto 
produced on the same metal by flexion, tension, or concussion. 

If, when grouping together the thousands of experiments made in various countries by different 
experimentalists, and on steel produced in various works, it has been hitherto impossible to attain 
to any confirmation of the laws connectiufl: the physical properties of steel, and admitted in the 
classification of the establishments or works producing that article, laws, however, which many 
consider as having t)een prematurely admitted, that impossibility may be chiefly attributed to the 
lact that those experiments do not allow of any direct comparison, and that, previous to an analysis 
of those results, it would be necessary to make some corrections, in order to eliminate the com- 
plicated causes which affect them, the experiments not having been conducted under strictly 
analogous conditions. 

Thie results of the experiments of natural philosophers, say in regard to density, are referred, 
by way of correction, to a like atmospheric pressure and to a like temperature ; but all those ex- 
periments should be referred to a similar form and size of sample, to a similar degree of elaboration 
of the metal, to a similar molecular condition, and the like. 

It must be admitted, however, that those corrections are very difficult to make, and that, in 
every point of view, it would be preferable to bring about a general understanding between the 
experimentalists, as to the conditions of conducting everywhere experiments capable of undezgoing 
a oireot comparison. 

The first difficulty met with in endeavonring to compare the experiments made in different 
countries, is the varying systems of measurement. 

When one has to proceed to the investigation of the physical properties of pieces or samples of 
steel handed to an experimentalist, it would be necessary for him to know, in the first instance, in 
order to determine the nature of the experiments to which those pieces or samples are to be sub- 
jected, whether the object in view is to study the nature and general qualities of the steel per ae, or 
to ascertain how it would act under certain given applications. 

In Uie former case, it would be always necessary to test previously by traction the cylindrical 
or rectangular bars of the section and length to be determined on. 

In the latter case, the system of experiments would depend on the nature of the application 
itself, and, generally speakiDg, the flexion and the *' shock " (concussion) at the flexion will form 
the most useful tests. 

We shall commence by examining the conditions relative to the traction experiments. 

In subjecting to a ten&e strain a steel bar of given section n. and of length Z, the facts to be 
observed and the quantities to be determined — ^if a complete experiment is to be made— should be 
the fbllowing : — During the period of perfect elasticity, the observation of the momentary elonga- 
tions under given loads will allow us to determine the co-efl9oient of the modulus of ehMticitv, E. 
When the elongations cease to be in proportion to the loads, then the limit of elasticity is attained, 
load per unity of section, beyond which permanent elongations are produced, L. The charge or 
load is increased until the rupture is produced, under a charge for each unit of section, B. The 
two portions of the broken rod are brought together, and the total length is then measured, 
deducting therefirom the original length ; the flmd elongation at the rupture is then ascertained, 
and it is generally expressed with regard to the original length by per cent, A. Then measure also 
the section taken by tiie rod %t the point where the rupture has occurred. The difference between 
the original section and the rttptured section is called by Kirkcaldy the contraction, expressed in 
so much per cent, of the original section, but we prefer explaining this phenomenon of tne contrac- 
tion of the rupture section by the relation which the contxacted section bears to the original section 
— that is stricHon, 2. By dividing the total charge which produced the rupture, not by me primitive 
section, but by the contracted section, we have the resistance for each unit of section broken, F. 
If, in a great number of trials, we are content to determine the diverse quantities above mentioned, 
it is nevertheless necessary, in order to have an exact and complete knowledge of the nature of any 
steel, to observe, in addition thereto, the permanent sucoessive elongations made by the bar under 
trial, under increasing charges, from the one corresponding to the limit of elasticity to the charge 
of rupture or breaking load. 

Tlie manner in which these elongations vary, with the excess of charge on the limit of 
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elMticitf, Is otdiiMrUr rapreBented b; the aid of a ^^rmphie dUgraD], whioh givea Ibe ourre of tbe 
eloiifn^oiiB and ftllnws of the meaauremeDt being made of the woik oT rasiilanre to the rupture, of 
which we aball speak hereafter. Finallj, it is oaefal, in order tliat the teat ■uay'bfl oumplele, to 
dMeiibe the exact form which Iho bar presented after Ibe rupture, so oa to obsBrre how the 
•lonnlfon was divided, and what is the exact poaition of the mptuie wction. 

Oaifficiml or Modului of Etattidty, £'.— The modnluR of elastiolty it the relation of the chuge to 
the elongktioua prodnced during the period of pufect elosiicitf . It is oonslaiit durioB that period. 
Id FraDoe that relation ia expressed m lulograumies to the aectioual square metre, aud in Eujjlaad 
In pouods on the square iooJi. 

The investigation of this coefflolont of elasticitv far castings, iron and steel, has given rise to 
nnmeroua experiments, aud tlie flgarM which bare been arrived at are so unlike that they cannot 
be brought together and compared, in order to ascertain whether, in the special point of view 
which we are now taking ap, namely, the properties of counneroial steel, we oould acoount tor the 
iuSuence of the ocmpositiDll and of the purity of those ataels by the manner in which they act 



during the period of perfect elaaticity. 

The modnlna of elastioity ia gonraally admitted 

2oi66o|6«i!66o 



caatinga 10,000,000,000 

20,000,000,000 



Aooording to Bedtenbacher it vi 



Acooidiog to Benlcaox — 

lion in the form of but or wires 20,080,000,000 

„ in thin plates 24,010,000,000 

Cart iron 30,005,000,000 

Other kinds otiteel 20,020,000,000 



„ Swedish . 

Boft eaat steel 

Beimeoheid steel 

Bosset reanmea, as follows, tlie numerous experiments made by bim od the materiala nsed in the 
maDafactnre of cannon— 

Castings, GMinon 14,354,000,000 

Iron hoop, grained, Peter Oaodet 20,000,000,000 

„ ateeled 20,931,000.000 

Erappatcel, natural atate 19,700,000,000 

„ „ tempered in oil 20,714,000,000 

„ cannon steel 20,069,000,000 

We DOW give the value of the modulus of elasticity resulting tiota the traction trials made by 
Knot Btj^e— 



Bessemer forged steel of Hogbo 



ros 

01 
0-15 
1-22 
0-61 



WikmanahytUn 

Puddled relied tteei'irfSnraliammar .. 0-56 

Lowmow puddled iioa 0-20 

Dudley „ 009 

009 

UoUIa „ 005 



Aryd rolled iron 007to008 

O-O7„008 

Eollstahaamer roUed iron 007 

0-07 

These trials already show ns that the influence of the quantity of carbon is nil in the elastic 
elongations preduced by tlie same oliangea or loads ,' the coefUcieot of elasticity of steels containing 
more than 1 per cent of carbon ia not superior to that of the irons of Uotala, Sutaliammar, aud 
othen, which only contain 0-07 to 0'2. 

When it is proved, on the other hand, that the least variatioDi of the qnantity of carbon 
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onmpleMr modl^r the diite of the pernuinent defbrmation, one ownol bat be itmck with the fact 
tbnt (luring tbe period of perfect ekatieit;, the momenlary etongBtiont are iodependent of tbe nature 
of the meni. The; q>pwr to be nodifled onlj hj tbe purit; of the metal, and by the d^n« of 
vork to which it liu been sabjected. 

Tbe trULj or testa of BauiobuiRer on a Kriei of Temiti atoeli are more oonclnaiTe in tliat 
respect, becaose tbe; have been macTe on productti oF tbe aiioie origin, only differing with reganl to 
tlie qnantit; of oarbon, and tested uodei the aame form. 

On the tenaile test, Table VIL, those steel*, of which the qoantit; of carbon varied botn D- 11 
to 0-96, gave;— 

TiBLa VIL— Tessilb Tbsts op Steel. 





(JDURIIT (JChrbon. 


Umll of EU>Udl7 


c«inoi™trfBu»iicitr. 








K. 








OH 


29-50 








019 


88-10 








« 


S4-50 








0-6 


S4'03 








OM 


W-90 








OM 


83-00 








0-57 


33-10 








0-66 


37 -4S 








0-78 


87-W 








0-80 


40-05 








087 


42-90 








096 


48 70 










Qeueral BTorage . 


.. 22,100,000,000 





The eiporimenta made at Woolwich in 1870, b; a oommittee of dvil engineer*, resolted, for 
steels of VBTioiu works, is tbe limit of elastioit; vaning from 26 to 42 Idloe. and tiie qnantit; of 
carbon of 0-SO to 090 per cent, an average ooefflcient of 20,627,000,000, the nuQimDm being 
20,160 and tbe maiinnun 21,060,000,000. Some irons tried under the some oonditions rave 
20,092,000,000. 

From nil those resnlls, one ma; conclnde that the ooefBcient of elMticitv of steel, whatever 
maj be its hardnese, varies ool; from 20 to 22,000.000,000. 

Looking at these tests in a prartioal point oF view, we maj oome to the oonclasion in repaid to 
the iceuila, that althoagh in some partioalar oases, for example, in investigatiag the action of 
manganese and phospbnms, It would not be ODimportaiit to deduce some iustt relative to tlie 
modalas of elsstioit; ; neverlbeless that part of tbe tension tests ma; be in general dispensed with, 
as being tbe most deli<ste, the longent in duration, and, on aroouat of the great lengma of rod or 
bar required, the most expenxive. Conseqnently, the experiments ma; be made on shoit lengths, 



ts obtained, with the same quantitj of steel, within the like given time 



3E 



and a larger number of i 
and at tbe like expense. 

The experiments made b; Banachiiig«> on the steels of the Beschitia Works, Hnngai^, 
demonstrate how much attention and time would have to be devoted for determiDing certain points, 
wliich after all throw no fresh light on tbe properties of the steel subjected to the experiment* in 
tion, inasmuch as with respect to all tliose steels, differing eonsiderabl; as the; do in regard to 
qnantit; of carbon, the modulus of elasticity is comprised betwren 2^400,000,000 and 
28,000,000,000. 

We ma; at onoe state that Bansohinger's experiments on tbe Temiti, m well as on the 
Reeohltta steds, demonstrate likewise that the modulns of elasticity is the nme, whatever may be 
tbe hardness of tbe steel, at oompreeaion and flexion, and that it is represented by the same flgtue 
as tlie coefficient of elastioit; at the tension test. 

y.i'mil of Ekvticity o/ Bteel. — If, during the period of perfect elasticity, the elongations are In 
proportion to the loaas or charges, and disappear with the action of those loads, the limit of 
elasticity is lb e equivalent of the last chargu producing that eflfeot; and under a heavier load than 
that limit of elaaticit; there is a permanent elongation. 

Bnt if tliere bn a concordance of opinion with reap^t to tbe existence and deflnition of that 
limit of elasticity, it is otherwise with regard to tbe fixing of its value, for, hovrover exact and 
onrreet the instruments empln;ed. it i* difflouU lo determine the precise moment at which tbe state 
of perfect clasticit; passes to that of permanent defotmallon. More correct!; spealdng, tbe prcoise 
moment in question does not exist with reference to experiments on steel rods, because, in point 
of fact, tlieie is a period of break of elasticity, during which certain portions of the rod or ber 
undergo pemmnent elongations, whilst other portionB resnme their origmal length. 

On account of the nnoertatnt; attending the phenomenon, it is neceasar; to establish oon- 
ventionsl rule* for determining the limit of elaatioit;, and as those vary wliich ore adopted b; tbe 
varions experimentaliiits, it results that the limit of elasticil; observed in respect of the same Ichid 
of bar of the wme length, sa^ in England and In Sweden, will not be the same. 

It is tme that Wertlieim and other experimenters agree in considering, as the limit of 
elastioit;, the load or oliarge that produces a permanent elongation, eqnal to the - OOOOS of Uie 
origiDsl length, in other word*, and with referenoe to a bar or rod of 1 metre, a permanent 
ekmgatlon of Ave bandiedths of a millimetre ; but, on the other hand, bo feeble an elongation Is 
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considered, by many experimenters, as the possible effect of accessory causes, and they are of opinion 
that we cannot admit that the limit of elasticity is exceeded until such time as a more clearly 
defined permanent deformation is observable, and the extension under heavier loads testifies to the 
reality of the phenomenon. 

These considerations have led to the following special definition by Styffe ; — 

^ If an iron or steel bar be gradually extended by successive loads, which at first are so small 
that they occasion no permanent elongation, but are gpradually increased, and are always allowed 
to operate for as many minutes as each additional weight is per cent of the entire load, tlien the 
author regards as the limit of elasticity that load by which, when it has been operating by successive 
small increments as above described, there is produced an increase in the permanent elongation 
which bears a ratio to the length of the bar equal to 0*01, or approximates most nearly to 0*01, of 
the ratio which the increment of weight bears to the total load. 

Styffe adheres to the opinion that the limit of elasticity cannot be considered to be attained until 
we can ascertain exactly and measure the determined increments of the permanent elongation; 
he fumislies some estimates of the limits of elasticity considerably higher than those given in 
Wertheim's definition. 

The following are a few examples, Table YIII , taken from the tabular data of Btyffe ; — 

Tablb VIIL— Lmrr of ELAsnncnT. 



^ 


Limit of Elasticity. 


MAterUL 


Aocording to the 

deflnltiuD of 

WerUietin. 


According to tbe 

definition of 

Stjtk. 


Puddled iron of Motala 

w •» •• •• •• 

»» »» 

Puddled iron of Middlesbrough-on-Tees 

H n 

n f* 

•I »• .. 

Paddled iron of Dudley 

Oast steel of Wikmanahyttan (carbon 1 * 22 per cent.) . . 
»t »» • • 


K. 

under 16*7 
16*8 
14*5 
15*8 
20*0 
19*3 
20*5 
24*1 
l«-5 
16-8 

about 28*9 
28*9 


K. 
20*8 
21*0 
18-8 
18*8 
22*6 
21*2 
28*5 
24-8 
19-9 
20*0 
51*3 
51-1 



The difiSerence is from 8 to 4 kilos, in irons, and amounts to 22 kilos, in the very hard steel of 
Wikmanshvttan. 

These figures show the neoessitv which exists of arriving at a mutual agreement as to the 
fixation of &6 limit of elasticity, and how imoerative it is, in all cases, that, in the publication of 
the series of trials, the method of estimating tnat useful value should be pointed out. 

The value of the limit of elasticity is, in point of fact, the priinair manifestation of the degree 
of hardness or of malleability of a steel, and in many cases the basis of calculation of the dimensions 
of the pieces. 

Aa, moreover, we have seen that tests on short bars are to be preferred, and that on short bars 
the definition of Wertheim cannot be applied, whilst, on tbe other hand, the definition c^ Btyffe 
M>pears to give too high a (quotation of figures, one can see what interest would be attached to a 
plain agreement on the subject, easily formed and adapted to the tests of short bars. If all the 
tests were made on bars of the same section and of the same length, 0* 15 or 0*20, for example, they 
oould be proceeded with as follows ; — Increase the charges until a permanent measurable elongation 
Is produced, one-tenth of a millimetre at least, then increase the load by a fixed quantity represent- 
ing 1 or 2 kilos, per square millimetre ; observe a second permanent elongation, and infer tnerefmm 
the value of the limit of elasticity by admitting that the two elongations are in proportion to the 
excess of the charges or loads on that limit of elasticity. If P is the charge wliicb produces the 
first elongation i, and i" is the second elongation produced by the charge P', we have 



P-L 



whence L = 



Pi" - P'l 



I — I 



SuMcMoe and EUmgaUon, — ^These two qualities are determined in all the experiments ; they 
serve as a basis for tiie classification of the works; and it is generally admittM that a steel is 
defined by the two values, R and At of the resistance to fracture a square millimetre of the 
sectional area, and of permanent elongation on fracture expressed in hundredths of the original 
length of the oroken rod. 

But, in order that this definition may be absolutely correct, so that one can find, in the ratio of 
the two characteristic values, resistance and elongation, the elements of a rational appreciation of 
the nature and quality of a steel, it is indispensable that the value of A result from the testing of 
bars identioUly alike as regards section, form, and length. 

It is found in every series of experiments made u^n steels of variable hardness that the two 
values of B and A vary inversely, the elongation diminishing as the resistance increases, and that 
it is possible, in presence of tests carried out on steels of tlie same origin, to find a simple and 
■oiBoiently approximate relation between these two qualities. 

When it is desired to represent this relation with the aid of a curve, taking the leeistanoes as 
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abflciflM fiikd the rwlnet of A u ordinatea, lines are obtained whieh diffsr batsUghtly from straight 
lines, inclined to tlie axis of a^a in the ratio of 1 to 2, so as to afford the general relation. 

B + 2 A = a constant a. 

Bat it is easy to prove that for the same steels the value a of the snm B + 2 A will not be the 
same if the testa be carried ont npon samples of different form and length. 

It is well known that the elongation on fracture A» wliich is the ratio of the elongation 
produced to the original length, is so much greater as the rod is shorter, on account of this well- 
known fact, that the different parts of a rod are not elongated equally when permanent deformation 
takes place ; that the portions near the points of attachment become leas elongated, and that the 
region in which fracture takes place, accompanied by a redaction, more or leas appreciable, of 
the cross-section, is subject, on the oontntry, to an elongation much greater than the mean 
elongation. « 

But if the necessity of adopting one and the same length for the test bars is acknowledged by 
all experimenters, no uniform opinion has hitherto prevailed as to the choice of this length, each 
one proposing the adoption of tne type which he has hitherto employed. 

On the other hand, we think thai the importance has not been suiSciently insisted upon, not 
only of measuring the elongation of rods of the same length, but also on bars of the same form and 
section. In a word, the tests must be carried out, if not on pieces identically alike, at any rate on 
such as are similar in the mathematical sense of this word. 

If this condition had been fulfilled in the numerous experiments published, we should certainly 
be in a position, on analyzing the variations of the value K + 2 A. to form an exact appreciation of 
the effects certainly produced on the relations between the resistance and the elongation, by the 
mechanical strain undergone by the metal during manufacture, and the presence in the steel of 
other elements than carbon. 

The carbon increases the resistance and diminishes the elongation; this is a proved and 
uncontested fact ; but it is questionable if the other elements, as manganese, phosphorus, chrome, 
do not act in a similar manner. The manganese increases the resistance and diminishes the 
elongation, just in the same way as the carbon, but in quite a different measure. The chrome 
increases Uie reaiBtance, but without reducing the elongation. Forging, rolling, annealing also 
exercise a different action, and are to be detexmined. 

But it is necessary that all the tests be carried out on bars of the same section and the same 
length in order that the elongations have the same comparative character as the retiistanoes, and 
that the value of the sum B + 2 A* be the representation in figures of the effects of the working and 
of the chemical composition uf the steels. 

Tlius, the values shown in the classification oi Creusot for the resistance of the elongatbn on 
fracture, gives the relations ; — 

For the ordinary quaUty, B + 2 A = lOi (1) 

For the superior quaUty, B -f 2 A = 107. 

The tests being applied to two bars of 16 mm. diameter and m. 100 long. B being expressed 
in kilos, a square mm. of section, and A in a percentage of the original length. 

One would conclude from these two relations that the sum B + 2 A was so much higher as the 
purity of the metal was greater, so that if two steels, tested under the same conditions of dimension 
of bar, gave a relation B + 2 A ^ 104, it would be admitted that they belong to a series of steels 
less pure than those of the ordinary quality of the Creusot classification. 

The classification of the Socie't^ John Gockerill, at Seraing, furnishes for tests on rods m. 100 
long and 15 mm. diameter the relations B + 2 A = 100. 

That of the Terre-Noiie Works Gompany gives ; — 

B + 2A = 92; 

but the testa are made on rods of 20 mm. diameter and m. 200 long. 

The experiments of Bausohinger on the Temitz steels give the average relation — 

B 4- 2A = 89. 

This corresponds to the result obtained on bars of rectangular section, 70 by 12 mm., with a 
length of m. 400. 

The table of tests by traction on steels with a variable quantity of carbon made at tiie Terre- 
Noire Works gives— 

When the testu are applied to small bars of 14 mm. diameter and m. 100 long^ 

B4-2A = 97'5. (1) 

When they are applied to ban of 20 mm. diameter and m. 200 long — 

B + 2A=94-5; (2) 

and when applied to bars similar, but the elongation being measured on m. 100 only 

B + 2A = 101. (3) 

These three relations show well the effects of a difference of form and dimension of the test bars. 
The Ist and the 3rd relations give the measure of the influence of the points of attachment of the 
rods which reduces the elongation. 

The test canied ont on tiie steels with variable quantity of manganese give respectively, under 
the same conditions of diameter and leng;th of the bars, the three reuttions — 

B + 2A = 108 (1) 

B + 2A = 106 (2) 

B + 2A = 114. (3) 
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lAstly, those on the steels haTing a yariable quantity of phosphorus give respectiyely — 

B + 2A = 106 (1) 

B + 2A = 105 (2) 

B + 2A = 113. (8) 

On comparing the tests of those relations which correspond to the same dimensions of bar, it will 
be seen that the presence of otlier substances than the carbon, show themselyes by an important 
modification of the ratio of the load to the elongation. 

The dimensions which appear to be the best for tension tests, from all points of yiew, for rods of 
circular section, are a diameter of 20 mm. and a length of m. 200. 

The adoption of this type would not exdnde the use of rods of different lengths, on the express 
condition that the diameter should be always equal, as in the type, to the tenth part of the length. 
That is to say, that the yalne of A should be the same with rods of 

15 mm. diameter and m. 150 long. 
18 „ fi m. 180 „ 

20 „ „ Om.200 „ 

25 „ „ m. 250 „ 

With regard to the testing of plates, which possesses great mterest at the present time, a 
typical length of m. 200 should be adopted, but there is reason to undertake a q)ecial 
research for fixing the width of the bars in relation to their thickness, so that the elongations pro- 
dncetl be always the same as those produced by round rods of 20 mm. diameter. A series of special 
tests undertaken with this object, would readily giye the elements of understanding to be arriyed at 
on this point. 

Strictum and Besistanee to each Unit of Sectional Area Fractured, — The permanent elongation of 
the bars brings about a redaction of the sectional area, and the rod no longer preseryes the cylindrical 
form, a drawing down takes place in the portion fractured at a point where the sectional area 
becomes only a fraction of the original sectional area; this section of fracture is so much the less as 
the rod is more elongated, drawn out, and in proportion to the softness of the steeL 

D. Kirkaldy was the first to insist on the &ct of the contraction of the sectional area at the 
point of fracture, and he has regarded its amount as an excellent measure of the hardness of steel. 

It is, in fiict, an element less dependent on the length of the rod than the final elongation. 

But it is adyisable to note that the yalues determined practically are often of a yery irregular 
character, resulting from the fact that the special circumstances of the experiment, the presence of 
local defects, for instance, exert a considemble influence oyer the plaee occupied by the section of 
fracture on the length of the rod. 

Theoretically, in &ct, and in the case of absolute homogeneity in a metal, fracture should take 
place in the middle of a rod. If the fracture takes place at another point, or especially at a point 
near the attachments, the final elongation, the drawing out of the region of fracture, does not take 
place under normal conditions, and Uie striction has a higher yalne. 

In order to obyiate this difficulty, and to ensure, by tiie exact estimation of the striction, a useful 
element of the hardness of the steel, it will be well to set aside all those tests in which fracture takes 
place near the points of attachment, and it would be useful in the publication of series of tests to 
always indicate the exact position of the section of fracture with reference to the middle of the rod. 

As to the final resistance to fracture, F, this yalue is subject to the same uncertainty as those of 
the striction from which it is obtained ; it can, therefore, only giye rise to useful comparisons under 
the same reseryes. 

This yalue, in all oases, would appear to decrease in inyerse proportion to the hardness of the 
steel, its percentage of carbon, and its strength a unit of origiuiJ sectional area. 

Under the action of the intermediate loads to which a rod is submitted, from that which corre- 
sponds to the limit of elasticity to that of fracture, a series of permanent elongations takes place, 
increasing from O to Ai according to a law the obsenration of which, often neglected in tests, appears 
to be neyertlieless of capital interest in a study of the properties of steel, and especially of soft steels. 

The rogiater of successiye elongations, ana the diagram which ropresents the law of their increase 
with roferonoe to the loads, is then an indispensable complement to eyery traction test. 

Many experimenters take caro to represent by oomparatiye figures the faculty of elongation of 
the steel during the period of permanent deformation. 

It is the most usual practice to giye the yalue of elongation ooirespondmg to the same load 
superior to the limit of elasticity. 

It is thus that, in the table of tests on phosphorus steels, compiled by Thurston and communi- 
cated in the paper of Holley, read at the Inst, of 0. E. in 1878, appears Uie elongation produced by 
a constant strain of 42 kilo, a sq. mm. 

The inconyenience of this method is, that it cannot be applied to an extended series of steels 
comprising yery soft and yery hard yarieties, for the load to be considered ^ould be at the same 
time superior to the limit of the elasticity of the hardest steel, and inferior to the resistance of the 
softest, which it is often impossible to realize. 

Moreoyer, it is well known that during: a tolerably long range, from the load corresponding to 
the limit of elasticity to a load equal to about three-foorths of the breaking strain, the elongations 
produced increase with tolerable regularity, and proportionately, not to the loads, but to the excess 
of the loads oyer the limit of elasticity. 

Gompaiatiye results would then oq obtained, on measuring the elongation produced under a load 
always exceeding the limit of elasticity of the same quantity. 

If L be the limit of elasticity, and if obseryations be made, for a whole series of steels, of the 
elongations, •', corresponding to a load L + pp, being a constant quantity, the different yalues of i 
will well represent the faculty of permanent elongation of the steels considered during the period 
of regular deformation. 
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If. beride.. one oale«l.t«. the ratSo ? of the exoees of the lo«l over the limit of elasticity at the 

oonesponding permanent elongaticm, at say r = B| tliia quantity will represent what may be called 

the modulus of permanent deformation, which permits of estimating the elongation produced under 
any given load, inferior, howeror, to that under which the aocelereted deformation commences, 
which is manifested by the special attenuation of the portion of the rod where the fracture is about 
to take place. 

The value of this coefficient D, oharaoteriaes very clearly the nature and the degree of hardness 
of a steel, and permits of combining the effects of deflection with tho^e of tension. 

The value of D, expressed in kilos, a square metre as the modulus of elasticity E^ increases with 
ihe hardness of the steels ; it is about 250,000,000 for extra soft steels, with a tenour of carbon from 
O'l to 0'15 per cent,, or for very pure SwedLish irons, 1,500,000,000 forTery hard steels at 1 per 
cent, of carbon. 

There remains to notice the resistance of steels to tensile strain, represented by the elastic effort 
by the half product of the load corresponding to the limit of elasticity and of the corresponding 
ehistic elongation and the effort of fracture by the area of the diagram obtained by registering the 
successive permanent elongations.' 

But this estimation does not supply a comparative value of steels as regards resistance to impact, 
tests with a Calling weight having always been applied to bending, and the impact producing in 
this case has a considerable effect out of proportion to those with a tensile strain. 

It may be stated here, that the steels containing a certain quantity of phosphorus show, on 
tensile tests being applied, resistance and eloneation but little diffioring from tnose of steels without 
phosphorus, but witli the same quantity of carbon or manganese, in order that the quantitv repre- 
senting the resistance to tensile strains be appreciably the same in the two cases, and yet on 
proceeding with impact tests by deflexion, these differences are found considerable. 

When it is required to examine and receive some pieces of steel, it is on these pieces themselves 
that the tests are carried oat, with the intention of atsoertaining how they behave under the aorion 
of the strains to which they will be subjected in practice, and in this case it is generally to tests 
of deflexion, and especially to deflexion by impact, that they are subjected. 

We now possess, thanks to the numerous researciies referred to^ many of the elements 
enabling us to deal with the theory of permanent deflexion and of impact tests, but this theory can 
only be established with complete exactitude by new tensile tests, more methodical and absolutely 
uniform in character, to confirm and complete the data hitherto furnished. 

The same may be said of the classificatinn of the products, so various and so numerous, desig- 
nated by the name of manganese, phosphorus, chrome, siliciuro, and tungsten steels, which would 
only be possible when we have the Knowledge of all the physical properties which show themselves 
in the tensile test, assigning to each one of these products its exact place in the general scale of 
steels. 

Strength and Resistance of Materials, — The theory of the strength and resistance of materials is 
closely connected wiUi that of molecular mechanics. The latter science, however, is much more 
extensive, and affects many other problems than those of the practical engineer ; it has been the 
subject of learned researches, often difficult to understand, and still more to analyze or criticize in 
a memoir of limited extent. Moreover, the strength of materials being a branch altogether of 
practical application, requires only to borrow from scientific theories the principles on which to 
base rules of oonstruction, simple enough to be of general application, and yet sufficiently exact to 
be used with confidence. The succeeding view of our present stale of knowledge of this subject is 
due to Jules Gaudard, and was first presented to the Inst, of C £. in 1869 by W. Pole. 

The formuln of strength bring into view, on the one hand, the destructive action of external 
forces, and, on the other hand, the resisting molecular actions of the material. 

External forces are of two kinds ; one kind comprises elements directly given, such, for example, 
as weights ; the other kind consists of reactions, functions of given forces. In certain cases these 
reactions may easily be found by the science of statics alone, as, fur example, in the cnae of a beam 
placed on two supports. In other cases they will depend on the changes of form of the solid ; it is 
this, fur example, which causes the difficulty of calculation in arches and in continuous beams of , 
several spans. Or, histly, it may happen that the body in question may not be in a state of 
equilibrium, but that its particles may oscillate under variable dynamic iufiuenccs or forces of 
inertia ; this is the case of concussions, vibrations, and the like. 

These various external foi-ces being determined, it will easily be seen whether they tend to cause 
certain parts of the solid to elongate, or to shorten, or to shear, or to turn round certain axes. 
These various effects, extension, compression, sliding, torsion, fiexure, may further manifest them- 
selves separately or may combine with each other. 

Under the action of these forces, the body will necessarily be changed in form ; for solids 
perfectly rigid are only pure abstractions. The study of these changes of form constitutes the 
object of the theory of elasticity. The study of strength or resisttince has to do with the power 
which the solid, according to its physical constitution, possesses to maintain, if not its form, at least 
the cohesion of its ports. 

For the constructive engineer the question of resistance to rupture is of capital importance. The 
elastic change of form interests him less directly, because he knows beforehand that this change is 
generally very small, and presents no great inconvenience. It often happens, however, that the 
two questions are connected together ; for example, in the case already cited, where the change of 
form of the body infiuences the reaction which it receives from its external supports. It may 
happen, aUo, that a diange of form may present in itself a direct practical intert^t ; thus in the 
testing o^ a Mdge, if the observed deflection agrees with that predicted by the calculation of the 
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elasticity, it will be inferred that the beams do not poeaess any hidden defect capable of producing 
an abnormal deflection. The changes of form may also exert a notable influence on the strength of 
constructions where diflerent materifils are combined together. 

Extension. — Molecular action is a force internal, or reciprocal, which opposes indeflnitely the 
approximation of two particles, but only opposes their separation up to a certain limit. 'I'his limit 
being attained, the two particles find themselTcs suddenly witlidrii¥m from their sphere of mutual 
action, and rupture takes place. 

According to this idea, a fibre or thread of particles being subjected to tension, the force produc- 
ing rupture may be measured, and this force will vary with the substance. In this elementaiy 
ease, so simple in appearance, the question arises, whether a particle extends its attractive action 
beyond the particle immediately adjoining it on either side? If this were so there would be 
differenoeR of condition between the ends and the middle of the fibre, and we ought to be able to 
designate beforehand Uie points of rupture. But we do not know that these points are determined 
by any other laws than the mere caprice of the specimen, and we assume thnt, for a tliretid of an 
absolutely theoretical regularity, the rupture may take place at every point at the same instant. 

If we take a materiiJ rod of finite thickness, the phenomenon becomes more complicated ; for 
the particles now undergo displacements, not only longitudinally bnt also transversely. This is 
very obvious with a viscous matter, which diminishes in thickness as it is increased in length ; but 
as everything is continuous in nature, viscous or pasty matters of all degrees mark the transition 
from liquids to solids, and tbeee latter ought to preserve in a faint degree the same physical 
properties. This il^ moreover,* a fact which the experiments of Tre»ca, upon the flow of solids, 
nave shown in a striking manner. 

Here we already find ourselves in the presence of an obscure phenomenon of molecular mechanics. 
In considering, however, the strength of materials, we evade the ditHculty, as wo are content to 
assimilate the compact rod to the assemblage of its elementary fibres, close but unconnected, and 
thus exercising oo mutual lateral actions. This voluntary error is excused, not only for the sake of 
simplification, out also because it appears to be of a kind which may be ueglfHsted in the presence of 
Certain accidental irregularities which we provide fur, as best we can, by modifying in the particular 
case the value of the coeflQcients. Thus, for example, iron wire, owing to its peculiar mode of 
manufacture by drawing, is relatively stronger than iron in thick bars. 

It is admitted, then, that the tensile stress N which a rod can sustain is proportional to its section 
Uf that is, N = B «, where B designates the resistance to rupture per superficial unit of the section. 

The phenomenon of change of form is successive and continuous, which distinguisshes it from 
the instantaneous phenomenon called rupture. It may be followed by the eye, by observing the 
elongations 8 of a unit of length of the rod under increasing loads N. The curve of which 8 is 

or — j the abscissa, is not a straight line; its differential coefficient increases 

At first veiT slowly, and then more rapidly as it approaches rupture. Under moderate loads, how- 
ever, we admit the proportionality of 8 to j^, and we always assimilate the rod whose section i:* « to 
a bundle of independent fibres placed in juxtaposition. Hence the formula N = £ « 8, where E is 
the modulus of elasticity. If E varies in the section, we write N = 8y*E d «. The factory* E 8 « 
is called the longitudimd spring. The resultant N of the tensions is understood to pass through 
the centre of elasticity. 

Great importance has been attached, as a matter of principle, to the vague idea of the limit of 
elasticity. Below this limit the elongation 8 would be proportional to the K>rce N, according to the 
preceding fprmula, and it would vanish by the removal of the force, the rod then resuming its 
primitive length. It appears to be shown that it is necessary to distinguish two kinds of elonga- 
tion, one permanent, a kind of wire-drawing, very inconsiderable at the commencement, but 
increasing rapidly and degenerating into enervation under considerable loads ; the other elastic, 
that is, obeying the law of proportionality to the force and vanishing therewith. The permanent 
elongation would seem to present the character of not being renewed by the return of the same 
force or of smaller forces, m which case the law of elastic pulsation obtains freely. The limit of 
elasticity would be practiciiUy the point below which the permanent elongation is not appreciable. 

These hypotheses, however, are open to doubt Certain facts seem to establish that time inter- 
venes as an enervating cause, by giving permanence to elongations which are at first elastic, and by 
* conseouentlv diminitthing the vigour of the material to react against derangements. It has been 
remarked, that fibrous iron tends to acquire a granulated or crystalline texture by long-continued 
concussions. It might thus be apprehended that an iron beam which now is amply strong, might, 
even though protected from all oxidation, break Fatally some day by the sole efiiect of the repeated 
action or lone continuance of the load. If this is so, the theory of resistance ought, perhaps, to be 
changed in character ; instead of saying vaguely that a certain material, subjected to certain work, 
presents guarantees of safety, it ought to announce for how long a period, or how many times, it 
will support the test with impuni^v. This doctrine of instability appears but too well supported 
by analogy ; everything is stamped with the seal of destruction. 

For the case of great stresses passing beyond the conventional limit of elasticity, Barrd de 8t. 

Tenant has proposed to substitute for the law - = E 8, the expression - = E [1 — (1 — 8) *], 

flif M * 

m being a number ^ 1. 

Compression, — Tiie resistance offered by two particles when caused to approach each other is 
indefinite, and a solid or even a liquid may support any pressure, distributt^d uniformly over its 
circumference in such manner that no particle can escape by sliding away. For example, it would 
be impossible to succeed in crushing the water contained in a hydraulic press. 

What then is crushing ? This word is applied to solids pressed irregularly upon different faoee 
or portions of their external contour. The form ordinarily presented is that of prisms piessed ouly 
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on Uietr faaaes. 8ach a solid shortena, bat its density does not augment in an equal proportion, 
because certain particles near the lateral contour flow to the exterior. The body swells, principally 
in the middle of its length ; sometimes it exfoliates in filaments which detach themselves ana fidl 
away on various sides. These effects constitute oraghing. They are due to intt;rnal sliding actions, 
calling into plav the resistance of certain particles to lateral disjunction. 

In prisms ot very elongated form, the phenomenon is modified by the tendency of the middle of 
the rod to deviate altogether, from its original straight form, under the most imperceptible canse ; 
thus flexure arises, and the moment of resistance of the rod becomes of mtve importance than the 
area of its section. Thus the case of a pillar pressed upon its bases is very imperfectly understood. 
We are almost reduced to the application of formulsB purely empirical, which aim rather at oon- 
forming to observed facts than at explaining them. They are valuable as expressing the results of 
numerous observations, ss guides for ordinary practice, anid as steps towards the discovery of laws. 
But the ideas latent in them are often marked by the divergent circumstances of the experiments, 
and the functions assume different forms under the hands of different observers. Generally, in 
practical construction, we apply to compresaed prisms the same formulsB, N = R' « = £ « 8, as for 
rods in tension, when the length does not exceed, for example, ten times the thickness. For longer 
lengths recourse is had to experimental formuln, or to the reduction, more or less arbitrsrily, of the 
coefficient B' of the pressure admissible per unit of surface. Love has reduced into forma In the 
experiments of Hotlgkinson on long columna 

Besearches have been made on the lateral bulging out of a compressed prism, or the analogous 
oontraction of a stretched rod. For an isotropic body, that is^ one which has a similar texture in 

every direction, St Yenant shows that a bulging ^ of the traubverse lineal dimensions oorreqionds 
fo a proportional shortening d = = , of the length of the prism. In this way the unit of primitive 

1+-I = sensibly l — -^« 

8 9 

Wertheim arrived at - for the contraction of the volume instead of ^ • It must, however, be 

O A 

stated that the isotropic condition is merely a theoretical abstraction. 

If it is true that compression is only dangerous on account of the lateral bulging Which it 
causes, we may conclude from what precedes, thnt a prism may carry four times more by com- 

f>resBion than by extension, provided that, by its short length or otherwise, it be preserved from all 
ateral bending. This conclusion, however, requires considerable modification in practice. 

Sliding. — Two portions of a bolid contiguous to a common section, tend to slide one upon another, 
when they are acted upon by a relative sheariDg force pumllel to the section. The corresponding 
change of form is no longer a simple translaiiou, but is an angular deformation. Having given a 
small parallehipiped, of which the base, at fir^t rectangular, is deformed into 
an oblique parallelotj^ram A B D C, Fig. 1740 ; then letting fall B E perpen- 1^40. 

dicular to A 0, we may say that the face projected on B D has moved before 

AB AF 

AC by the relative quantity -r-^, and this motion is the same as that -r-p 

of G D before A B. In other words, the sliding between two parallel and 
neighbouring faces inclines their primitive common normal, and is measured 
by the projection on one of them, of the unit of length applied on the normal 
which has deviated. It is the small cosine acquired by tne deformed angle 
which was originally a right angle. 

This principal sliding </ is in the same direction as the projection of the C^ _^^^ 
deviated normal. We may estimate first the component slidings g' and g" ^^*'*"*"***^J^ 

parallel to the directions of two rectangular axes traced beforehand on the U 

section ; then the principal sliding will be ^ = V.a'' + y"'. 

The sliding action causes strctuhing uf the fibres, for in every rectangle transformed into an 
oblique parallelogram one diagonal will be lengthened, the other diagonal will be contracted. The 
greatest stretching, and also the greatest contraction, per unit of length, will have the value of the 

half sliding ^ , and will be manifested in directions drawn at 45° to the face in question. 

Up to a certain limit the sliding g is proportional to the shearing force F applied to the face 
whose area is «. The change of form is thus defined by the formula F = G a « , the coefficient G 
bears the name of the modulus of transverse elasticity ; it will be constant like £ within the limit 
of elasticity. If this modulus varies in different parts of the area «, we write V z= g/Qdat; and 
/G dag IB what is called the transverse spring. If T represents the tangential resistance to sliding 
a unit of surface, we have F = T «. Tiieae formulsB only apply to a section of finite area », while 
this section is compelled to continue plane ; for in the case where it is free to bend, there will arise 
an unequal distribution of the sliding in the various parts. 

An isotropic substance, capable of supporting a longitudinal tension B per unit of surface, 

which exteniJs it a quantity ^ , may resist a sliding of double this extent = 2 ^ , or a tangential 

G B G 2 

•treas T = 2 -=- • , 8t. Venant having been led to the ratio ^ ^ =- between the moduli of trans- 

T 4 
verse and longitudinal elasticity, we have ^ = ? for the ratio of the tangential and longitudinal 

B O 

BtzcBses producing equal fatigue. 
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Teactvre of Bodies, — ^In the absence of knowledge as to the irregohiiitieB which may exist in 
various partd of the same body, it is customary to consider the materials employed in oonstmotion 
as homogeneous. In some cases, however, we are aware of the irregularity; for example, we 
know that in cast iron, the external skin is of a closer texture than the internal mass, and we may 
take account of this by causing the coefficients £, G, R, T, to vary in different points of the section 
of the sulid considered. 

As to tlie texture at any given point, there are two ordinary cases ; — 

1. Amorphous or graniUar bodies, in which we assume a similar texture in all directions. 

2. Fibrous substances, in which the texture is uniform in all the transverse directions pe^ 
pendicular to the fibres, but is quite different in the directions of the fibres themselves. The 
coefficients which characterize this texture vary therefore in different directions like the ladii of 
an ellipsoid of revolution. Experimental data, to be oomplete, ought to furnish the various relative 
coefficients for the principal directions, which ought to be applied, sometimes one and sometimes 
the other, according to circumstances. 

We know, for example, with fir wood, how much easier it is to cause the fibres to slide upon 
each otlier, than to shear tliem transversely, and how mudi easier to separate them laterally than 
to break them by longitudinal tension. 

If, in some cases, we admit an unequal texturo in three rectangular directions, the tensions oorre- 
spondiiig to different positions will be represented by the radii of an ellipsoid with three unequal axes. 

Crystalline bodies present faces of cleavage which have little adherence, however hard may be 
the crystals themselves. This molecular constitution is too complicated to enter into the formula 
of strength, and therefore we should treat such substances as amorphous, attributing to thorn 
coefficients with a mean practical value. 

Limits of Safety, — Experience furnishes the values of the coefficients B and T, which produce 
rupture bv tension or fracture by shearing. In permanent constructions it is necessary to keep 
much within these limiting values. We therefore choose, somewhat arbitrarily, the limits of 
strength about ^ for substances whirh are but slightly homogeneous, such as wood or stone, and 
from I to ^ for metals. The great difference between the coefficient admitted in practice, and that 
which produces rupture, is demanded not only by what has been said concerning the limit of 
elasticity, but also by the possibility of o()ncns^ions or unknown vibrations, by the thousand small 
hidden defects of the substaneis, and finally in order to cover the defects of the theory itself. 

The immense variety of nature renders the task of experimenters very indefinite. Every isolated 
trial has only an absolute value for specimens identical with that tried. The discussion is delicate, 
and it is only possible to give approximate mean values as general results. The origin, the dimen- 
sions, the mode of manufacture, the annealing, the age, the humiditv, and many other circumstances 
infiuence the strength. The labours of Hodgkinson, Fairbairn, Br»naelet, Morin, and other scientific 
men, have accumulated a great number of useful duta regarding the principtd materials of oonstruo- 
tion. and yet there remains much to be done in this vast field of practical investigation. 

The imperfections of theory require also reserve in the choice of the limits of safety. Certain 
errors act in a favourable direction ; but in ignorance of Uiis it is often necessary to provide against 
them, by attributing to them an unfavourable effect. The improvement of the science ought to tend 
to realize an exact determination of the conditions of strength in all the parts of a work ; for example, 
the most economical framework for a given structure will be that which would ftdl simultaneously 
in all its bars, when the strain is augmented to nipture. Tlie scale of security, or the suitable 
interval between the practical coefficient and that of rupture, will always have a character more or 
less arbitrary, because it will be always more prudent, but more oostly, to have a smaller than a 
greater stress upon the material. 

False hypotheses arise either ftom ignorance of the laws of the materii«l, or from the conditions 
differing too much* from practice, or from the obligation to simplify the calculation, which other- 
wise rai^ht be inextricable. It is thus that in most cases we onlv consider the states of statical 
equilibrium, omitting the considei-ation of vibmtions or dynamiottf effects. In a continuous beam 
of many spans we must begin upon the hypothesis of the invariability of the supports, although we 
cannot be unaware that a very slight error of level may overthrow all our calculations. We may 
also instance the shearing of a rivet : the formula assumes an equal distribution of the shearing 
force on all the elements to be sheared, in such a manner that the disjunction mnv take place every- 
where at the same instant; and yet in reality the edge attacked will be crushed before the opposite 
edge has moved. 

Torsion. — When a cylinder is twisted by a couple whose moment is = ^ and whose plap^^ is 
perpendicular to the axis of the cylinder, every transverse section turns, relatively to its adjoining 
section, round the axis passing throu};h their centred of elasticity. If p is the arc of torsion 
(relatively to the radius) per unit of leng:th of the cylinder, and if « is the sectional area, then an 
element d » of this area, situated at a distance r from the axis, will suffer a stress Q^r d tt in the 
direction of the tangent to the circle of radius r, G being the modulus of transverse elasticity or 
elastieity by sliding. The aggregate of these stresses, on the section «, will be equal to a couple 
whose moment is = fi = ^ J" G r' d «. In the case of a homogeneous material, the moment of torsi- 
bility J* G r* rfft>, may be written Qj^r* d « or G J, where J is the polar moment of inertiay r* d» 
of the section referred to its centre of gravity. The shearing stress T, a superficial unit, at a point 

distant r from the axis will be T = ^= . The fibre passing through this point will be bent into ft 

iir T 
spiral, whose tangent of inclination, relatively to the axis, is r ^ = ^^ = =t. The maximum Ti of 

the stress T will be at the circumference. Thus the section being a circle of a radius r„ we have 

T| = G<;, = ~ = — ^: 0\ being the maximum sliding. 
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The relatiye Bliding of two transverse sect ions involves sn equal sliding of the fibres one upon 
another, and sJso an extension or oompressiun of the spiral lines inclin^ at 45° to the axis of 
torsion. 

The moment of torsion expressed by O ^ J is exact for slight deformations of oironlar cylinders, 
or for very short prisms whose sections would be oompelled to oontinue plane. But it would not 
apply to prisms whose transverse sections are free and not 
circular, lor these sections give way and bend instead of re- 
maining flat. In such a case the moment of torsion is less 
than QfJ, and in order to determine it recourse must be 
had to the tlieory of St Venant, now about to be explained. 

Any element of the lateral free surface is carried along 
by the interior pniallel and conti^ous layer, without any 
relative sliding ; for it would require an external tangentiid 
force, sueh as friction, to oblige the element to slide. Con- 
sequently the transverse sections of the prisms bend, in such 
a way as always to cut normally the lateral twisted surface. 
It is thos necessary to take account of this deformation, in 
estimating the real slidings tending to shear the fibres. 

Trace two rectangular axes Ox, O^, Fig. 1741, in the primitive plane section, and pasting 
throug h the ce ntre of elasticity O, or axis of tondon. An element M, whose distance from O is 

r = /^ jc^ + y*f will have left the plane of the axes after the torsion, and we will call z its distance 
outdde this plane. If we neglect this distance x^ the inclination taken by the twisted fibre passing 
through M, in virtue of the arc of torsion ^ will produce simply a sliding r ^ perpendicular to the 
radius r; this sliding may be decomposed into its projections ;— ^^ in tlie direction of the abscissa 
X, and x^ in that of the ordinate y. If, now, we suppose that the fibre has remained vertical, in 

order only to occupy ourselves with the displacement z, the small inclination j- will measure the 

ax 
rf « ft 

sliding parallel to O x, and -r- that parallel to O y. The composition gives y' = — — y ^ for the 

d z 
effective sliding in the direction of x, and <^' = ^ + ' ^ for that in the direction of y. The prin- 
cipal sliding will be the resultant y = /^g^ + /'*. 

Di£Eerentiatiug / in respect to y alone, and g" in re^)ect to x, and reducing, we obtain the 

relation / -^ = 2 ^. 

ax d y 

The slidings g' and g" are not only the sliding^ between transverse sections, wliich tend to 

shear the fibres. There ore also the slidings of the fibre, relatively to its neighbours, following the 

small longitudinal faces, parallel respectively to xand y. It' then the extreme bases of the fibre do 

not support the normal pressures, if the weight be neglectt>d, and if the texture is similar in all the 

transverse directions, the longitudinal equilibriam of the fibre will require this general indefinite 

condition t^ + — — = 0. According to the above given values of g' and g" this condition is 
tt X d y 

expressed by the equation of the partial differential ooeflQcients of the second order 

dar dy^ 

Fnrtlier, there exists a special oomlition for the points of contour of the section, that is the condi- 
tion of normality between the section and the lateral faces of tho prism. It is necessary that the 

principal sliding shall become, at these points, tangential to the contour, which is expressed by ^, 

dz ^ 



or 






dz 



dx 



(2) 



Under the slidings g' and /' the elements dmoi the transverse sections experience tangential 

or shearing actions, equal to G i- y ^ j d « in the direction x and equal ^Cr(-T^ + x^) df« 

in the durection of y. These actions constitute, in the aggregate, a couple which resists the given 
moment n of the external forces tending to twist the prism. We have thus 



^'^rK^v ■''*)' "C-'-^*)^]"- 



This expression determines the torsion ^ ; we find -r- and y— by integrating equation [11 with 

dx dy o » u J 

the condition expressed by equation [2], adapted particularly to the given contour of the base of 
the prism. 

As the direct application of the above presents great difficulties, St. Venant has contrived an 
expedient, which coiitdsts in assuming from the commencement the deformation z; then the 
contour of tho base of the prism becomes tho unknown quantity, and it is endeavoured, by the 
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choice of z, to arriTe at forms of contonn which may be met with in practice. We need only give 
some of the most remarkable results. 

For the cylinder with circular base, s^ -^ y* = a* (a = radius), we find x = 0, that is, the sections 
continue plane. The moment of torsion has the value /i = Q ^ / (x* + y*) d x =Q^J; 

= — G ^ a*. The greatest shearing stress is produced at the circumference, and has the yalae 

2 u 
T = Qatb = —!-- , the unit of surface. The circular section is the best of all solid forms for the 

resistance to torsion. 

In the elliptic cylinder, — -)- ^ = 1 (the ellipse haTing axes = 2 a and 2 &) the sectiona bend 

6^ -a* 
into hyperbolic paraboloids giren hj z = ^ • ^ x y. The axes of the ellipse preserre their 

rectilinear direction ; but hollows are produced in two opposite quadrants, and proje ctions in the 

a'&'irG^ 2 0Va^V^ + 6*x' 

others. The moment of torsion is u = — - — r^ . The principal sliding g = —^ r^rs 

a^ -^or ^ " ^ a" + 6* 

increases from the centre to the drcumference ; its greatest value takes place, not on the fibres 

fiuihest removed from the centre or axis of torsion, but at the extremities of the minor axis of the 

ellipse, points when op = o, y = ±6. The greatest shearing stress is consequently 



T = 



26a'&^ 2^ 



In the equilateral triangular prism, whose side = a, the maximum sliding is produced at the 
middle of the sides, and the equation of resistance to shearing is T = -j- G a ^ = 20 -^* The 

moment of torsion y. = —^ G a^ ^ is only { of the value G ^ J which it would have on the hypo- 

thesis of sections continuing plane. 

In the rectangular prism, whose sides are a and 6, the solution is' very complicated. The 
moment of torsion is expressed thus ; — 



*Ls »\.(, 4,.^, -*..)]• 



or 



A4 = G ^ &» [l - 0,2101 6 + 0,4188 6 (y^ 



26 



1 
+ 8. 



3ira 



)]• 



_^ »a • a" 3«-a 3ra 

e26+tf 2b e26" + e'~T6' 

a converging formula which may be restricted to the two first terms, when a exceeds 4 6. ' The 
letter e designates the base of the Napierian logarithms ; 2 designates a sum embracing an infinite 

number of terms, obtained by substituting -^ Z_2_J!![ for m and making successively 

n = 1, 2, 8, . . . 00. The dangerous points are at the middle of the greater sides of The sliding 
is nothing at the sharp edges, although they would be the fibres most exposed if the seotiona had 

continued plane. Taking the moment \k sG^a&'f-— K — Y and the maximum shearing stress 

T = E' G 6 ^, we should have for E and E', according to difierent values of the ratio ? of the sides, 

6 
the following values ; 



E 
E' 



1-1 



1«2 



1-3 



1*4 



0-193 0197 

I 

0-675 0-720 



0*201 0-208 0-205 
0-759 0-798 0-822 



1*6 



0*206 
0-848 



1*8 



0-208 
0-904 



0-209 



3 



0-210 



0-980 0-985 



2-210 
1-000 



Sections in the form of a cross are unfavourable for torsion. 

In the preceding formuln, the coefficient G, of the elasticity of sliding, is supposed constant in 
all the transverse directions, but it may have another value in the longitudinal direction, as would 
be the case in prisms of wood. The formulsB may be modified to adapt them to the case where there 
are two different coefficients G' and 0", in the directions of the abscissa x and the ordinate y, of the 
tranaverse section ; but in practice the former case is the most important one. 

Flexure, — Let A B, Fig. 1742, be a prism subjected to transverse forces P, P', . . . which alter 
the primitive parallelism of the sections oy bending all the fibres. Any section C D tends to turn 



MATBBIALS OF OONSTBUOTION, STBENGTH OF. 



889 



into two groups, one of whioh Buflfen elongations, the 
other oontraotions. These yarmtionB ( = -) 



1742. 



-^::^ ^-l-B 




as on a piTot under the action of the bending moment ^ = P/ — P' /' + . . . exerted by the foroes 
sitaated between this section and one of the extremities, A, of the solid. When the foroes are all 
normal to the length of the prism, the mean fibre A B, locus of the oentres of gravity of the seotions 
for a hcMnogeneous solid, bends into a curve without change of length. It separates the other fibres 

are propor- 
tional to the distance v of the various fiores from the 
nentral section, and inversely proportional to the radius 
of curvature p due to the flexure. 

Now we know that an extended fibre contracts 
transversely, while a shortened fibre swells. It results 
from this that the section D will change its form ; if, 
for example, it was rectangular, it will become a sort 
of curvilinear trapezium. Fig. 1743 ; the orthogonal 
lines traced in the primitive section will also be ortho- 
gonal in the deformed section. 

When the bending moment remains constant for a 
certain length of the solid, this length bends' in the arc 
of a circle. This case of circular or equal flexure is the 
only one in which the traiisveree sections remain strictly 
a plane after deformation ; tliese sections remain normid 
to the arched fibres, and neither slidings nor lateral 
pressures are developed between the fibres. 

Wlien the prismatic solid is subjected to a bending 
moment whiqh varies from one section to another, the 
flexure U stiid to be unequal There are then produced 
slidings between the sections, and even between the 
fibres. The longitudinal slidings between the fibres develop, among themselves, tangential 
reactions or frictions of adherence, energetic in the neighbourhood of the central fibre, but 
which decrease and vanish in the fibres of the external contour which are supposed free. This 
law of the slidings compels the transverse sections, which were originally plane, to undulate 
in curved surfaces 0' O' D\ Fig. 1744, cutting nonnally the external faces of the Bolid. Further, 

ITU. 



1743. 



\ 



StuiroL 



-B- -B- 




the slidings between the different threads of particles, produce inverse effects of such a nature that 
no alteration occurs in the longitudinal sbreBses of the fibres; thus the fibre vn!m*\ having a seo- 

tion = (f «, will be lengthened by a quantity = - which implies a tension E cT « - the same as if 

the sections had remained plane in deviating, p designating the radius of curvature of the flexure of 
the element O O' of the mean flbre, at flrst rectilinear. It is this which enables us to study the 
flexure on the simplifying hypothesis of the sections remaining plane, when we have only in view 
the tensions or compressions of the fibres. But when we wish to study the slidings, wiiich, liowever, 
are less important, exactitude requires that we should consider the true form of the deviated sec- 
tions, on which depends the variable sliding between the' various flbres. The law of the curvatures 
C' O' D' is Quch that the resultant of the lateral sliding resistances upon a fibre m* m" is in equilibrium 

with the resultant £«(/«(-, — f\ of the pressures on the two bases, a resultant due to the 

\p p / 
variation of the radius of curvature p between O' and O". As to the effects of swelling and con- 
traction shown in Fig. 1743, there is nothing to prevent their development without causing normal 
lateral pressures between the contiguous fibres. 

« ti* 

The tension Ec/«~ of the element of fibre m'm", Fig. 1744, has for its moment E(f« - 

relatively to the neutral axis of the transverse section. The integral of this last expression will 
express the moment of the elastic forces which ought to maintain in equilibrium the given bending 
moment \k exerted by the external foroes applied to the solid. Hence the equation of elasticity 

EI r 

— s /A, where I designates the moment of inertia, s J o* d «, of the section of the bent prism ia 

' 1 

respect to the neutral axis. This equation determines the curvature - of the mean fibre. For a 

9 
straight beam the curvature resulting from the simple flexure is generally very small, and is 

ezpreesed approximately by ^, in termB of the absoissa « and the ordinate y of any point of the 
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mean fibre. It U neceaBary theu to iBtegrate twice the equation EI t-- = m in order to arrive at 

the finite eqnation in terms of x and y of the deformed mean fibre. 

The practical object in the calculation of the strength is, not so much to obtain this deformed 
figure as to establish the stability of the work. Now if the fibre most strained, C, is at a distance 

v' 
v' from the neutral axis, we desire that its stress E — a superficial unit shall be limited to a 

BE EI 

ciyen amount B. Substituting, then, -7 for -, we transform the equation of elasticity — = /a 
o V p p 

TLT BI 

into an equation of resistance -|> s= /s in which -^ is the moment of resistance. According as 

the ordinate 0' is taken on one side or the other of the neutral axis, B will designate the maximum 
tension or the maximum compression. 

When the external forces, being always supposed situated in the plane of the figure, are not 
normal to the prism, they may exert, besides the moment of fiexure ft, a longitudinal force N, spread 
uniformly o?er the ai^a « of the section. There are then two simultaneous effects compounded on 

N V* u 
the various fibres, and the equation of resistance becomes B = - :t -j-. The mean fibre^ the geo- 

metrical locus of the centres of gravity or of elasticity, is no longer neutral, for it has to resist the 

stress --. The neutral point, or point of no pressure, and the centre of stress, the point of 

application of the resultant of the stresses of the fibres, are situated on opposite sides of the centre 
of gravity, or of elasticity, of the section, following the same reciprocal law as the axeeof buspeusion 
and oscillation in the compound pendulum. 

Deniated Flexure, — ^We have, nitherto, only considered plane figures, assuming implicitly the 
symmetry of the solid and of the forces relatively to the plane of the figure. Let us now suppose, 
as before, that all the forces act in the same plane, but that this plane of ** solicitation" is not in the 
direction of a principal axis, of inertia of the transverse section considered. 

take 




round G, the locus of the points M will be the ellipse of inertia relative to the point G ; the ellipse is 
called centraU when G is the centre of gravity of the section. As the ellipse posseuses two principal 
axes, the given section, however iiregular it may be, will also have two principal moments of inertia 
round the same rectangular axes. Now suppose that the plane of solicitation cuts the plane of the 
section otherwise than in the direction of a principal axis, as in the line G M, for example. Then 
the neutral axis round which the section pivots by the flexure will not be perpendicultf to G M, 
but will follow the direction of the diameter G A, conjugate to G M in the ellipse of inertia. 
Consequently the mean fibre will, under the action of the force upon it, deviate outside the plane of 

solicitation. 

B I 
This general case is but rare in practice. It is easily treated by the equation — ^ = fi\ taking 

care to refer I and 9' to the neutral axis G A, and to take for fi\ not the given bending moment 
fS acting in the direction G M, but its projection p. sin. A G M, on the plane perpendicular to G A. 

lUB. 




If46b 





We may also decompose the obli<^ue fiexure into a flexure of descent and a fiexure of deviation, 
pioduoed respectively by the projections of fi upon the two principal planes of inertia. Then, when 
we wish to seek the fibre which is most strained, we must accumulate the stresses arising from the 
two component flexures. 

For bent curved bodies, such as the arches of bridges, the equation of resistance, properly so 
called, will be the same as for a bent prism. But the study of the elastic deformation is more com- 
plicated. This deformation has an influence on the reaction of the supports, and consequently 
upon the bending moment 
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Sliding due to Flexure, — When the bending moment /i arises from external foroea not reducible to 

a coaple, the resultant of the projections of these foroea on the plane of the section oonstitntes a 

shearing force, causing slidings and undulations of the sections. When we already know the moment 

lu for the section whose abscissa is x, the shearing force upon the same section may be deduced 

du 
therefrom, being simply the differential coefficient — • 

The sliding on the section for any point is the same thing as the longitudinal sliding between 
the fllnes. Bnt in the otise of a piece of wood, it must be rememberod that tliis last sliding 
is the most to be feared, the fibres being more disposed to slide on each other than to shear trans- 
versely. 

In the case of small sections, the sliding is determined approximately as follows ; — Let Fig. 1746 
C D' and 0" D" be the bent profiles of two neighbouring sections, and G D the form of those sec- 
tions. The equilibrium of the portion C m' m 0" requires that the difference of tlie opposing 
pressured on its bases 0' m', C" m , shall be counterbalanced by the resistance of sliding upon m' mr 
= dx. If the breadth mj m, is = u, this last resistance is exprt^ssed by G </ u (tr, or by T u dr ; Q = 
modulus of oListicity, g = sliding, T = shearing stress a unit of surface. On the other hand, 

flV 

the small slice m, ntf^ whose surface is = « cfv, supports a normal pressure -j- ^dv; consequently 

A* C"^ 
C iRi f»j will support I I uvdv. The diflerence between two pressures, analogous and opposite, 



in passing from Cym' to Cm", will be the differential relative to ft, that is '^ I uvdv,or 



is '* I uvdv,{ 



'dx [^ 



u du, where F is the shearing foroe s ^ . The equilibrium then givee 



F rv 

Gyii = T«=j I uvde. 



If the section D Is rectangular, u Is constant, and the maximum sliding which takes place on 

8 F 

the neutral axis (o = 0) is 7; of the mean sliding ^r— , where « = area of section. 

In a double T of plate iron, the middle web, whose thickness is «, and height s A, has in 
general a section e A, small in comparison to the top and bottom members ; then G ^ or T differs 

F 

but little from -r , which leads us to calculate the middle web eh m if it supported alone the 

e A 

shearing stress spread uniformly over its surface. 

In constructions where the breadth ti is not small, the transverse sections bend with a double 
curvature ; the sliding may then vary notably upon this breadth. 

Continvotu Beams. — One interesting application of the theorv of flexure, is that to continuous 
beams for bridges of several spans. The reactions exerted on the piers are external forces, which 
enter into the bending moment and the shearing stress. The difficulty of calculation of these 
reactions arises from their being dependent on the change of form : it is evident that, according to 
the way in which the continuous beam undulates under the loads, it may more or less relieve, or 
even quit altogether, certain supports in order to press more upon others. The absolute lifting off 
the supports being only an exceptional cascL it is admitted as a fundamental hypothesis that all the 
points of the mean fibre corresponding to the piers and abutments are compelled to remain fixed, 
and consequently, for a straight horizontal beam, at the same invariable level; then the case of 
lifting off a support would be revealed by a negative value of the reaction, a value which would 
indicate the necessity of applving a counterweight, or an anchoring down, or making a new calcu- 
lation by suppressing the useless support. 

- One of the earliest applications of the modem theory of continuous beams to practical engineer* 
ing purposes was made oy W. Pole in 1850,.and will be found recorded in the M. 1. 0. B., vol. ix. ; 
^ese calculations, corroborated by experiments made on a particular bridge, demonstrated that the 
adverse opinion of an inspector was erroneous, and prohibition to open the bridge was withdrawn. 

The theory was further developed by Pule for the purpose of application to the Britannia 
Bridge, and the calculations were given by him in Clark's work on this structure. 

Admitting combinations of loful, of such a nature that the various spans carry loads uniformly 
distributed, but variable from one ^n to another, the equation of Olapeyron, which connects the 
bending moment upon three consecutive supports, resolves the problem in a convenient manner. 
Bresse has extended and enlarged this subject in the third port of his *M4canique Appliquee,' and 
he has placed the results within the reach of all practical men by means of an atlas, reEuiy prepared, 
of diagrams of the maximum bending moments at all points. These only require a very simple 
transformation in the particular application ; thev only assume certain relations between one of tne 
two extreme Hpans, which are equal, and one of the intermediate spans, which are also equal among 
themselves, but as the absolute lengths, as well as the intensities of the permanent and variable 
load, remain arbitrary, it is necessary to amplify the diagram according to the particular data, and 
at the same time to combine the ordinates of the permanent load and of the moving load or sur- 
charge, on tiie same side uf the axis of the abecissn, in order to facilitate the comparative application 
of the moments of resistance. 
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The long calculations for bridv^es of maay epana are therefore simplified, or even rendered 
unnecessary in ordinary cases. But the two following obserrations dictate a certain reserve in the 
application. 

The formula of Clapeyron ossnmes the moment of inertia of the beam constant throughout its 
whole length. A more general hypothesis would render the calculation inextricable. Now the 
object is precisely to arrive at a considerable variation of the dimensions of the transverse section, 
by making it proportional to the magnitude of the stresses. When this alteration is effected the 
calculations are no longer exact ; it would therefore be desirable that the theory should enable us 
to overcome the difficulty of the general case. According to the analogy of certain simple cases the 
adoption of the beam of equal resistance would only tend to augment S>om ^ to ^ the moments upon 
the supports, and to reduce slightly those at the middle of the spans. On this account the thick- 
nesses in the neighbourhood of the piers should be slightly increased. 

The hypothesis of points of support maintained at an invariable level is the most legitimate one 
upon which the formulss can be established ; but it must not be overlooked that the practical 
realization of this condition is scarcely under control, and if it is not entirely fulfilled, the calcu- 
lations are incorrect In every practical case we must expect slight irregularities or subsequent 
changes which alter the original regularity. Besides, even if the piers were mathematically 
levelled, we could not be sure that the beam should be so perfectly constructed that this mathe- 
matical accuracy should express its natural state previous to the action of the loads. It would seem 
that in order to acquire an exact knowledge of the conditions, it would be necessary to ascertain 
experimentally, the reactions exercised by the various piers, in order to compare them witli those 
given by calculation. 

Lattice girders may present, according as their bars are more or less dose, all possible gradations 
between a state of rigidity similar to that of a solid side, and the state of a simple assemblage of 
iointed bars. Under the uncertainty that the question presents, it is customary to calculate 
lattice girders on the principle of jointed systems. The stiffness of the connections, which is 
neglected, appears in general to supply an additional guarantee of stability, assuming that the 
flexures are very small ; for otherwise, the curvatures generated might falsify some of uie results 
and cause increased stress on some of the bars. 

Bupture imminent by Flextare, — ^When the elongation 9 of a fibre becomes excessive, the tension is 
no longer expressible by £ 9, it is an unknown function / (8'). If the most extended fibre, situated 
at a height v' above the neutral axis, is stretched to an amount d a unit of length, any fibre whiat- 

ever of the ordinate v will lengthen a quantity = - V, Calling u the variable breadth of the 

transverse section, and marking the compressed parts with the index 1, the symbols P| being 
negative t^s, the equilibrium of translation of the section flr^t requires 



p'«rf,/(l«')=J'\.d,./.Q«'). 



Then, in order to maintain the equilibrium of rotation against the bending moment fi, we must 
have 

Bf. Barr^ de St. Tenant has proposed to make 

for the stretched side, and 

/,(»-B.[.-(.-^)-] 

for the compressed side, B and B, being. Fig. 1747, the stresses of rupture for tension and com- 
pression, at the distances V V| from the neutral axis. These distances would be diminished to v, 
and o'l, at least one of them, at the instant of actual rupture. The exponents m and m, would be 
numbers ^ 1. 

If it is the extended fibre which threatens to fail first, and it becomes necessary to limit the 
tension to a value B', we put 

B' = b[i-(i-^)-] 

_ mBp' / m — 1 £m — Im — 2«> \ 

- V V " 2 'V"*"""2 3"'V«"' /• 

Further, since experience seems to show that a similar law of proportion regulates the small 
tensions and the small compressions, it is desirable to unite tangentially at the neutral axis, the 
curves representing the tensions and the compressions of the fibres. This condition requires that 

l/ = ^'for» = r. = 0. 

or 

i7i B tii| B| 

V vT* 
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Certain anibazs omit the condition Just mentioned, and make the etreaaes Tory nniformly, bnt a 
diffiBrent rate for tension and for compression. Tlien the fignre representing the pressures, Fig. 1748, 
will present a break upon the neutral axis ; the two volumes shaded are equivalent by the condition 
of equilibrium of translation, which determines the situatiim of the neutral axis ; and if the section is 

a rectangle whoee breadth is = a and height =s A, the equation of resistance would be m = R' -— • 

o 




1748. 




^^Jkulralaaxs -5v-. W 1 FcvUtraLcais 



or M = R,' ' • One or other of these formulae is employed, according as it is the upper or 
3 

lower fibre which ought first to fail. In every case the moment of resistance exceeds the value 

a A* 
R' —^ , which would be attributed to it by the ordinary theory, 
b 

The non-uniformity of the variation, or the adoption of the condition of tangential union at the 

neutral axis, as above mentioned, will als') contribute to increase the moment of resistance. If, 

for example, it is the extended fibre which ought to give way, and if we admit the neutral axis at 

half tlie height by making 

V = «', R = B', m = m„ E = R^, V = Vj, 

we shall have 

^-^^ 6 ' 2 (»n + 1) (in + 2) ' 

For cast iron we may be led to admit the law of uniform variation on the side of compression, 
th it is, to make m, =: 1, leaving m undetermined. Making, further, V = t/, B = B', we should be 
le<ito 



m 



/i=R' 



aA«( 



3^+4 

m + 2 




6(^2+ Vw» + 1)' 



1749. 



Cumpotmd Deformations. — Any elastic solid may be subjected simultaneously to stresses of 
pressure, shearing, flexure, and torsion, which, in combination, may either increase or diminish their 
respective effects, according to the nature of the case. 

Let Go Do Dn Gn, Fig. 1749, be a curved solid whose section varies slowly. In order to study 
the elastic forces developeid on a section Oi D„ we consider the action of the external forces applied 
between Gj D, and one, Gn Dn, of the extremities of the 
solid. These forces may produce, simultaneously, upon the 
section G, D, a longitudinal stress = N, perpendicular to 
G, D„ a shearing stress = F, a bending moment = ft, and 
a moment of torsion = fi\ It will then hb necessary to make 
a composition of the various motions excited by the different 
causes, in order to obtain the final displacement of the 
section G| D,. Tlie shearing stress F, and tlie moment of q^ 
torsion fx would require, in exactness, that we should take 
account of the bending of the sections ; but, attributing to 
them a slight influfuce in the problem, we shall content 
ourselves here with treating them as uniform shearing and 
cylindrical torsion. Wlien we have expressed the elementary 
displacement of a section, it will be necessary to accumu- 
late or integ^te all these displacements between an initial section G, D, and that G| Dj where we 
stop, in order to ascertain the definitive situation of this latter. 

Let us now refer all to a system of rectanguhir axes Ox, O//, Ox, The index will charao- 
terize the initial point Go of the mean fibre, and the index 1 the point 6, under consideration. The 
sign A will indicate the increments; thus A «i is tlie displacement, in abscissa, suffered by the 
point G| in virtue of its deformation. Let 0, 9', ff\ and fi be the respective angles which the axis 
of flexure or of rotation of the section makes with the co-ordinate axes Ox, 0^, O;;, and with the 
plane of the moment fi. Let F«, Fy, F«, be the projections of F on the axes ; I the moment of 
inertia of the section referred to the axis of flexure ; V its polar moment of inertia round the centre 
of gravity ; w its area ; E and G the moduli of longitudinal and transverse elasticity ; da the 
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elementary aro of the cnrve Go G, ; and finally m^ m\, and m"^ the components of the rotation 
experienced by the initial section Go Do. The diBplaoements of the point G, are expressed by the 
formnliB; 

A X, = A OTo + (*. - Orn'o - (y. - y.)m"o + I (iL +1? lf\ dx 

^J u^'"^HgT57^ EI J^^^-y^KovTs-^—m — )}^*' 



«0 



Ay. = A yo + (^,-^«)«^ -('.-*•)»«• +r'(^ + |^~)(/y 



yo 



/ n' dx M8>n. iScoadxA 
A t, = A *. + (y, - y.) m, - (at, - *.) m', + rV^ + |i. l.n rf , 



-(^1 - *)^Gi'r,+ — El — )r'' 

If an elevation of temperature produced a linear dilatation r, we should take account of it by 
adding respectlTely, to the first members of these three formuka, the terms 

t(X| - a?oX '•(yi - yo) and t («» - *„) ; 

but at the same time it would be necessary to introduce into the estimation of N, F, fi, and /a' the 
forces which would result from external obstacles opposed to the dilatation. 

Besides the displacement of the point G, it is necessary also to ascertain the rotation suffered by 
the corresponding section C| D|. The components of this rotation, in the direction of the three 
co-ordinate axes, are 






in' 



' -«' J. P'V '*' , M8in^^C08.e'd»\ , 
.-mo+J ^^-f, + ^j -)dy; 



yo 



" -m" ^ f'V'*' . MBin.i8coB.y- ds\, 



The most useful application is that to the arches of metal bridges. There is then no torsion i»' and 
even the shearing stress F may also be neglected as of slight influence. Moreover, the forces are 
weights all acting in the pbine of symmetry of the arch, and the deformation is plane ( A *, =0>. 
The span, = 2 a, of the arch is supposed to be maintained invariable by perfectly stable abutments 
We therefore annul, in the expression of A ar„ the quantities A «i, A x„ y„ yo, and x. ; we make 
ff| = 2 a, sm. 3 = COS. 9" = 1, and we are led to 



2r a + 






a. r^n?i nHl. JJI f "^^J ? ^'^^ "^I'*^ "? subjected, simultaneously, to a longitudinal extension 
Jh-^t^^ . ♦^Ll 1^ ; ^ * .^»'^'»1 extension «y normal to the preceding, and to a transverse 
}i^^^L^^ ® T^** ^^^'".^ "^ * resultant stretching, which is variable in the different assign- 

^^ ti^r^Jn -wi"^*'''" '■^ "l*^^^\^? t^« plane a: y, an angle a with the longitudinal wis 
of a?, the elongation, which is supposed small, is expressed hy 



8r s Ss COS.* a -J- dy sin.* a + y sin. a cos. a. 
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The maximmn takes place in the iliiecKon determined by 

and its yalne ia 



If 90 is cmly the lateral contraction — k dx, caused by the extension ^ the maximum resulting 
elongation will be 

^^«« + *V(l + *y«'» + ^. 
The value of k has little influence; admitting ^ = i, the formula will be 

B T 
Thus, in order to confine the maximum stretdiing to a giron limit = or -^, it will be necessary 

to put 






f<r« all the points of the solid ; B is the given limit of tensile stress and T that of shearing stress. 
If the body is fibrous in the longitudinal direction, the formula lioMs good with a simple alteration 
of the value of k, provided that the texture is the same in all the transverse directions. 

In the case where the body is only subjected to a longitudinal tension N, accompanied by a 

shearing stress F, the former of these forces, considered as isolatL-d, requires a section «'" = ^ ; 

a 

F 

the other demands a difierent area w" ; for example, w" = ^ if the section continues plane, or 

3 F 

w" = - = for a thin rectangle bent edgewise. Then the equation of cohesion would lead us to 

Z JL 

deduce from tluU the effective area c» suitable to the two stresses superposed ; that would be 
If N were a oompreesion, we might make m'" = i — , A being about i, and we should have 






Suppose, in addition toN and F,a bending moment fi af*ting in the direction of a principal axis 

N fit?' 
of inertia of the section. The greatest extemdon is -= — + ^ , accompanied by a sliding 

F 

g = -r— , admitting the case where the section is preserved plane. If we calculated the section 

F N* 

for F alone, we should make it c»" = = ; supposing N to be tension, we should make m"* = p ; or, 

if N is compression, »"' = k* ^; finally the flexure m, being isolated, would require a moment of 

inertia I^, given bv /a = B --y . We write here o'«, and not v\ because the dangerous flbie may 

not be the same in the case of simple /a as in the compound case. Then the effective section «» 
and its effective moment of inertia 1, ought to satisfy, in the compound case, the equation 

\ c» Ir,/ \ w It?,/ or 

N being tension ; or 



('-f.-m-^*>m-^- 



K beitig compression. 

In a beam which bendd freely, with distortion of the sections, it suffices to attribute to the section 
the strongest of the dimensions required succesbively by the flexure alone and by the diding alone. 

The ueory may be extended to the case wliere the contexture of the body varies symmetrically 
round three rectangular planes, but we will pass over this case. 

Different stresses, combined, may weaken themselves mutually, instead of magnifying them- 
selves ; thus a transversa compression mav allow an augmentation of longitudinal stretching, as if 
it filled the empty spaces between the molecules which are determined by this stretching. 

An application which occurs in ordinary practice, is that in machinery of a round or square 
shaft, which is at the same time subject to forces both of torsion and bending. 

Let it first be a circular cylinder, of a texture uniform transversely. This cylinder, whose radius 
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= r, ifl twisted by a moment /i', bent by a moment /«, and further is stretched by a longitudinal 

2 a' 

stress N. The torsion ii! produces a sliding = -^ — -j, , and the theory leads to the following equation 
for the fibre the most strained. 

(-'-'«'-x)['--s<"-")] = *^^ 

R 

B designates the maximum working coefficient of tension, -j that of compression, and T that of 

shearing. Galling r\ r", r"' the radii which would suffice respectively if the shaft was only bent, 
only twisted, or only stretched, that is to say, 

the equation of resistance, which determines the efftjctive radius r, may be written, 
If N were a compression we should make r"' =\/ — ^ , and the equation would be, 

Tiie upper signs belong to the upper fibre, and the lower ones to the lower fibre : for it is one 
or other of these fibres which is most threatened. The coefficient k' having little influence, we may 
take it = }. 

For a revolving square shaft, twisted (ji') and bent (m), the flexure will be generally pro- 
duced with deviation which oomplicates the problem. St. Venant has given a table of the"^ results 
ibr a series of positions of the shaft. If the flexure predominates, the diagonal position is the most 

Re* 
dangerous, and the side c of the square is determined by the equation =6^2. If, on the 

contrary, the torsion prevails, we must consider the instant when the sides of the section are hori- 

asontal and vertical ; that is the dangerous case when =^ is greater than 1 '037, and we then take, 

Tft 



9 / 225 „„^^ /E M \« 



A* 

Comhination of different Materials. — A simple jointe system, analogous, for example, to the simple 
triangular framing of the Cramlin Viaduct, as originally constructed, may admit without inconve- 
nience ihe combination of heterogeneous materials : for example, cast iron or wood in the compressed 
bars, and wrought iron for the ties. Each piece, in efiect, is free to apply its power, with the 
modulus of elar>ticity properly belonging to it, without risk of involving other pieces beyond their 
limits of strength. But, in the ordinary cases, more complirateH, it will often be difficult to make 
the heterogeneous members work well together in such a manner as to utilize them all in the best 
possible way, and within the limits suitable for them respectively. The formulas of deformation 
must be referred to in order to ascertain whether the play of a piece is limited by its connection with 
another. IC, for example, we split a wooden beam in order to strengthen it with a vertical web of 
plate iron enclosed and pressed between the parts, it will be necessary to establish a suitable ratio 
between the deptlis of the wood and of the iron, if we desire that each of the two materials may be 
strained in given deffrees. 

Dynamical or <' Living " Resistance, — The resistance of solids exposed to shocks or vibrations is 
scarcely treated, in the present state of science, by any other than empirical rules, which amount to 
a reduction of the value admissible for the coefficients of safety. The mode of resistnnce, properly 
speaking, is always the same ; the difficult point is solely the determination of the greatest stresses 
acting on the materiaL 

Let us consider a cord holding a body in its fall. At the moment when thn oord becomes 
stretched, the movable body is animated by a known vis vita ; and at the end of an instant the cord 

elongates by a quantity »„ exerting an increasing efibrt F, of which the work/ ^ ¥dz has extin- 



guished the vis viva ; then the motion is stopped, or rather, there are produced thenceforward a 
number of inverse oscillations, because the elongation £, is too great to maintain a simple statical 
condition. If the variable stretching z of the cord or rod remains but small, the tension F may be 

B M ;7 

expressed by — — , E being the modulus of elasticity, w the section of the rod, and / its length. 
Then the resisting work is 





'■v-/ 



In Older to verifV the strength, it will suffice to equate this expression with the vis viva which 
expresses the shock nndezgone, added to the work Pz^ of the weight P of the body during the 



MATERIALS OP 0ON8TBU0TION. STBBNGTH OP. 



897 



Btretcfaing, and then to show that the elongation -j- a linear unit dednoed from the equation does 

not exceed the limit admissible consistently with safety. If there be no initial shook, the body 
being set free without velocity at the moment when the oord begins to stretch, the elongation of the 
latter attains double the statical amount. 

^hen a rail is tested by the shock of a falling weiglit, there occurs a phenomenon which is com- 
plicated under two poiois of view ; in the fint place, because the rules of mechanics only give a 
rough idea of the maximum intensity of the reaction developed by the shook ; and secondly, because 
the test, in order to be condusiye, ought to be extended to near rupture, beyond the limit of elasti- 
city. Hence it roust be left to the province of direct experience to decide the legitimate intensity of 
the shocks that should be prescribed. Certain observations made on bars of cast iron have appeared 
to show that the shock of rupture depends solely on the area of the section, and little or nothing on 
its moment of inertia. This is a fact that requires explanation. 

Certain mechanical organs which are constructed expressly to receive shocks, such as hammers, 
for example, cannot pretend to the conditions of resistance applied to objects less strained. The face 
of a hammer will necessarily undergo a continuous work of permanent deformation or gradual 
drawing out ; tbat is a question of wear ; the remedy consists, less in the dimensions, than in the 
durability of the metal employed. 

Blight vibratory movements should be viewed differently from shrcks properly so-called. They 
produce actions less intense or less concentrated, but they are present in all machines, in bridges, 
and other structures. They affect, therefore, the majority of permanent buildings, to which the 
theory of strength is applied. But unfortunately the laws of these periodical motions are so compli- 
cated, that it will be a long time, without doubt, before any of the results obtained by theoreticians 
become available in practice. 

In principle the difference that exists between a question of dynamical resbtance or elasticity 
and the same question viewed statically, rests in the introduction of the forces of inertia. Then, 
according to the theorem of D'Alemb^ there will be a fictitious equilibrium between the given 
applied foroea, the molecular stresses developed by the stretching of the fibres, at the instant con- 
siaered, and finally the forces of inertia which depend on the actual acceleration of the motion. 
Hence we cannot escape the necessity of con- 
sidering the law of this intermolecular move- 
ment Scientific researches on vibrations have 
been made by various authors, especially by 
Phillips and Bresse. We will indicate the re- 
sults of an interesting case, considered by Bresse, 
that of the transverse oscillations of a beam ; 
this case will at least show the complex form of 
the expression. 

Tranm/erae Vtftraticns for a Bomogeneotta Beam, 
of constant section, placed on two supports A 
and B, Fig. 1750, and carrying, a running 
metre, a permanent load p, and a movable 
surcharge or load jp[. The support B exercises a reaction = Q ; the support A Is taken for the 
origin of the coordinate axes A x, A y ; the length of the beam is = /. in the statical condition, 
the ordinate of flexure of the mean fibre at the point M, whose abscissa ia = x, would be 



1750. 




I=F 




y = (p+p') 



24 £ I 



£ being the modulus of elasticity and I the moment of inertia of the section, assumed constant In 
the case of motion, the inertia would intervene. An element <lx„ of the portion M B would have, 
in the time t, a force of vertical inertia 

g * dfi 

where g deeignatee the acceleration due to gravity. Further, the proper mass ^ *' of the element 

<f i/i d* 1/ 

would have sustained a small rotation — j^, whence the angular acceleration ^., and, 

»X| dx^dt* 

consequently, the couple of inertia 

g dx^di* ' 
The letter r designates the radius of gyration of the section. The bending moment ia then 

Differentiating twice, we get rid of the signs of integration and of the reaction Q, and we have this 
equation of the partial differentials of the fourth order. 

rf*y . _^/, ld*y\ pr^ d*y 

gdt*)'^ 

3 M 



E 



^2=^M^-i^h 
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We arriTe at the integration of this equation by means of aeries. The arbitmiy quantities 
introduced are determined by the conditions of the problem ; and especially according to tne initial 
state in which the beam is considered. It is clear, for example, that if this initiiu state is that 
capable of maintaining the equilibrium, no vibrations would be produced ; for the forces of inertia only 
exist, by the hypothesis, through the fact of a primitive anomalous state, which compels the 
molecules to seek their equilibrium ; in pursuing it they pass alternately on one side and on the 
other, from which circumstance the vibrations arise. Let us then suppose to be given the functions 
^ («) and Y (x), which represent respectively the ordinate of flexure y and its differential coefficient 

dy 

y in the initial instant, t = o. By making 
ox 






1? T /» « r* 

then — T-^, = h* and -^ — , = 6^ the integral which will express the variable flexure y at every 
P-i-p P+P -o X- 



time t, is 



y = (p+l>')*^ 24EI 



+ T^ ( sm. — r-.ooe. — — I sin. —r-f(x)dx I 

. 2 *=-/Vi«ir«6« + /» . iirx . Pw*hU f-m'^^i/x^ \ 
+--J-7, 2 I -— i— Sin. -y- . sm. — : I sm,-— - 4f(x)rfjp ). 

The sums 2 comprise an infinite number of terms, the quantity t taking all integral positive 
values. The duration of the period 

wnr 

m 

varying with t, the movement is not periodic, but is produced by the superposition of an infini te 
number of periodical movements. The strict periodicity would obtain in the case where p would be 
null ; then the duration of the oscillation woidd be 



EI^ 



If the beam is taken without deformation and without velocity at the origin of the time, that is 
to say, ^(x) = Y (x) = 0, the equation of motion is reduced to 

24EIy , ^ 

P + P 

-. ^ —Sin. -nna , 

the sum 2 only extending to the unequal values of i. The motion is nearly periodic, by reason of 
the quick convergence of- the series. The maximum deflexion, thus produced by the sudden 
application of a load without velocity, reaches double the amount of the statical deflection. 

When it is wished to consider the influence of the velocity v of transport, by which the extra load 
may be moved along the beam, it must be remarked that this velocity ib equivalent to a centrifugal 
pressure, nearly vertical, in consequence of the curvature of the trajectory which the movable body 
is led to follow on the bent beam. The calculation shows, that under the centrifugal action alone, 
the maximum bending moment might rise to 



(p+ptj}( 



\-^^^4-."') 



2 I^ 

instead of the statical value ^' , on the hypothesis that the moying load is renewed at one 

extremity in proportion as it leaves the beam at the other. Practically, it might be admitted, that 
the rolling velocity increases by about one-third the statical effecto. 

In conclusion, it may be remarked, that the theory of the strength and resistance of materials 
touches obscure problems of the physical constitution of bodies ; and yet ite practical character 

obliges it to be simple. Another motive, also, justifies the departure "^ ' ' ' ' 

is, the irregularity of the material facts; if it is good, in effect, to as 



from rigorous exactness, that 
associate mathematical science 



with physical phenomena, it is incontestable tiiat these two elements, one always logical, the other 
often capricious, are often divorced from each other. It is on the latitude of the coefficients 
admitted in practice, that the foundation of security rests, destined to provide both against the risks 
of the material used and the errors of theoretical hypotheses. 

Gaudard states that he has only endeavoured to Uy down the most general theoretical ideas in 
seeking to bring to view the bases more or less controvertible of the formulie adopted. It is in 
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nality neoeaBary io weigh well the valae of theee baaea, in order either to appreciate the modiflca- 
tiona to be obeenred in their application, or to didoover improvements in them. 

In spite of these imperfections, the theoiy of the strength and resistance of materials in its 
present state, constitutes an admirable and useful doctrine, which ought to be better known by the 
majority of constructing engineers, so much does it tend to impress boldness and elegance on designs 
of all kinds. 

MERCURY. 

The deposit of mercury worked at Almaden, in Spain, consists of three parallel and nearly 
yertical beds of grit or quartzite, impregnated with cinnabar. The length of the workable portions 
of theee is 150 to 180 metras, and the thickness of each is from 3 to 8 metres. Their direction is 
approximately east to west. The most southern is termed the vein San Pedro y San Diego, and 
the two others, which lie close together, are known as San Francisco and San Nicolas. The vein 
San Pedro y San Diego consists of a white grit, regularly impregnated with cinnabar, which gives 
it a beautiful vermilion colour, particularly towards the western end, where it is richest Towards 
the west, the deposit ends abruptly against amass of schist. Towards the east, it becomes gradu- 
ally poorer, and passes insensibly into ordinary white quartzite. The eastern end also beoomea 
poorer in going down ; so tliat the rich portion forms, in the deposit itself a column dipping to the 
west. The grit forming the veins San Francisco and San Nicolas is black, and harder, more 
oompaot, and less regularly and less richly impregnated with cinnabar than that of the other. 
The bods of gprit rich in cinnabar are contiiined between other barren f^eds, in some places of schist» 
and in others of quartzite. 

The mine is worked by ten levels, of which the lowest is about 289 metres below the mouth of 
the San Teodoro shaft. The first four levels, down to 140 metres from the mouth of the shaft, are 
ruinous and inaccessible. 

In the lower levels the deposits become more extensive, thicker, richer, and more regular. The 
Teina San Francisco and San Nioulas approach each other in going down, and in parts join into 
one at the ninth level, the lowest at which they have been worked ; and both approach nearer to 
the vem San Pedro y San Diego, so that it seems likely that at a still greater depth they will all 
join into one mass. 

At the fifth level, which has now been long worked out, the ore was of very inferior quality. 
At the sixth it was chiefly poor ore, containiug 1 to 7 or 8 per cent of mercury, with a few musses 
of *' medium ore," containing 8 to 20 per cent, at the enaa of the veins San Francisco nnd San 
Nicolas. At the seventh level rich ore appeared, containing over 20 per cent, and in some 
instances as much as 80 or 85 per cent, of mercury ; and the proportion of this increases in going 
lower, until the tenth level, so £&r as it has been opened, vielas nothing else. 

When medium or rich ore is calcined so as to expel the sulphur and mercury, the siliceous 
residue left is porous and friable, or even crumbles into sand. A portion of the substance of the 
rock seems thus to have absolutely disappeared, and to have been replaced by cinnabar. The 
period at which the cinnabar was thus introduced cannot be determined with any appro:ich to 
certainty. Its introduction was evidently not contemporary with the depoaition of the Silurian and 
Devonian beda in which it occurs, and dates probably, like that of the cinnabar found in the 
Palatinate, and at Vallate, near Agonlo, from the close of the Permian epoch. It is thus distinctly 
older than the Idrian deposit of cinnabar, which is regarded as belonging to the Triassic period. 

The workings of the Almaden mine communicate with the surface by tliree shafts, of which one 
is sunk to the depth of the tenth level, and the others to a little below the ninth. 

The upper levels are at irregular distances apart ; but in those recently driven, the depth from 
one to the next is fixed at 25 metres. 

The method of working now in use was adopted about the year 1804. Its essential fenture is 
the use of cross arches and walls of massive masonry, to support the sides of the excavations when 
the ore has been removed. 

Where the veins San Francisco and San Nicolas come cloae together, the ground between them 
is entirely removed, and the main arches are turned from the south wall of tiie one to the north 
Willi of the other. 

The work underground is nearlv all done by contract. Between 700 and 800 men are employed 
in the mine in the course of each day, in six-hour shifts, but the whole number engaged is much 
greater than this, from 2250 to 2500, as the men do not, on the average, work more than one shift 
of six hours every three days, and those occupied in the work that is most injurious to health, the 
miners breaking out the ore, and the masons engaged in underground walling, do not work more 
than one shift in five or six days. 

Until 1873, the raising of me ore in the shafts was done wholly by horse-power, the only engine 
in use having been an old pumping engine, by Watt, erected in 1791. There is now a good winding 
engine at each of the three shafts, two being used for ore and materals, and the third for sending 
up and down the men. 

The amount of pumping required is very limited, the quantity of water raised being onl^ from 
15,840 to 18,480 gals, in the twenty-four hours. It is lifted from the seventh level by Sie winding 
engine of the principal shaft, and so much as comes in below this level is pumped up to it by 
hand. 

The ventilation is efiected by natural ciroulation, aided, especially in aummer, by a Guibal fun 
at the top of the upcast shaft. 

The ore raised contains on the average 7' 5 to 9 per cent of mercury. It is sorted by hand into 
three classes ; — 

Metal containing from 21 '5 to 25 percent. 

China „ „ 6 „ 7*5 „ 

Solera „ „ 0*3 „ 0-8 „ 

3 M 2 
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Two forms of furnace are in use; the Bustamante fnmaoeB, introdaoed in 1638, and so-called 
Idrian furnaces, adopted about the commencement of the present century. 

There are twenty Bustamante furuaces, arranged in pairs. The furnace proper of each consists 
of a vertical cylinder of masonry* 2 metres in inside diameter and 6*60 metres high, which is fitted 
with charging openings in the side and at the top, and divided about the middle of its height by 
an arch of perforated brickwork. The upper part receives the charge of ore, and the lower is the 
fireplace. The fuel used is brushwood. A chimney communicating directly with the fireplace 
promotes the draught, and carries off the greater part of the smoke. 

Openings lead from the upper part of the furnace to twelve parallel rows of earthenware con- 
densers or aludels. Each of these is in the form of a vase, open at top and bottom, and they are 
inserted one in the next, to the number of forty-five or fiftv in a row, and well luted at the joints, 
forming twelve small flues, of variable section and with thin walls. They open at the end into 
low chimneys, two to each furnace, fitted with dampers for the regulation of the draught. The 
charge of ore is about Hi tons. Broken stone or poor solera ore is filed in, first, on the perforated 
arch, to a thickness of about 16 inches, and the richer ore, first china and then metal, is chsrged 
upon this. The bacisco is put in last, and the charging openings are then closely luted up. A fire 
is next lighted below, and is kept up for eight or ten hours, consuming 2*2 to 2*5 tons of wood. 
The ore is then sufficiently kindled, and the fire is let out ; but the mass of ore is maintained at a 
red heat by the combustion of the sulphur that it contains, and continues to cslcine spontaneously, 
until this and the mercury combined with it have been expelled. The residue is then allowed to 
cool, and is dischargeil, and a fresh charge is put in. Each operation lasts seventy-two to seventy- 
five hours, thus divided; charging, one nour; firing, eight to ten hours; calcination, forty-five to 
forty-six hours ; cooling, eigliteen hours. 

The mercury condenses chiefiy in the portion of each row of aludels nearest to the furnace, and 
flows from the aludels through openings 2 to 4 mm. in diameter in the under side of each, into 
suitably arranged gutters, and thence into a reservoir. The aludels nearer to the furnace are taken 
up at intervaLi of fiheen days, and those more distant every two months, to clear out the mercurial 
dust or soot that gathers in them. 

The Idrinn furnaces, of which there are only two at Almaden, differ from the Bustament^ 
furnaces in little except their greater size, and the form and arrangement of the condensers. The 
furnace is 8 metres in inside diameter by 7*50 metres high, and the fireplace is separated, as in the 
Bastamante ftimace, from the chamber that receives the charge by an arch of perforated brick- 
work. Each furnace communicates with twelve masonry condensing chambers arranged in two 
series of six. The condensers are lined with Portland cement, and tne mercury from them is led 
by pipes into a stone reservoir. The charge is between 28 and 29 tons, and each operation lasts 
six days ; one for cleaning and charging, one for firing, two for calcination, one for cooling, and one 
for disoharging. 

The mercury is led from each furnace to the magazine by a wrought-iron pipe, and is there 
put up for sale in wrought-iron bottles containing each 34*507 kilos., or 75 Castilian pounds of the 
metal. 

The loss of mercury in the process of distillation has been determined with great care, and does 
not exceed 5 per cent, of the quantity contained in the ore treated, in the case of the Bustamante 
furnace, or 5*5 to 6 per cent, in that of the Idrian furnace. 

The deposits of mercury in the United States are rich and extensive, they have been described 
by Dr. T. Egleston, and the following p»rticulars are upon his authority. 

The ores of mercury which are found in California are metallic mercury and cinnabar. They 
occur in large ciuantities, and both of them are mined and treated as ores. Minerals of mercury 
occur occasionally, such as the selenides, but they are rarely found, and have no metallurgical 
interest Cinnabar is generally found near the junction of serpentine and sandstone. 

Bometimes ore is found in clay, as at the Bunderland Mine, and upon Mount Shasta, where it 
occurs in seams of clay. At the Geyser, New Almaden, Gaudalupe, and the outcrop of the Oakland 
mines, the serpentine is very much decomposed on the outside. The decomposition goes so far into 
^e rock that it is only in the large pieces that its real nature can be seen. This decomposition is 
going on still in all the mines in the serpentine, the waters ftom which, and from the surrounding 
country, contain large quantities of sulphate of magnesia. 

The sandstone is sometimes very fine and soft, and forms what is called the mud rock. At the 
Oceanic Mine the sandstone is so crumbly that it falls easily to powder on being worked, so that 
nearly all the ore has to be made up into adobes, to which mud has to be added to hold it together. 
Where the sandstone is not decomposed, it very often contains considerable quantities of petroleum, 
which renders the extraction of the ore more difficult by increasing the amount of soot. 

These ores, especially those in the sandstunes, are often found associated with chalcedony. But 
theae masses are very irregular in the mine. The rock is sometimes rich enough to yield 8 to 10 
per cent., and sometimes more, of mercury. A microscopic examination of this chalcedony con- 
taining cinnabar, shows that the cinnabar is crystallized, the crystals being in a great many cases 
doubly terminated, though to the eye nothing but a red stain is perceptible. 

As the serpentine rock is very susceptible of decomposition, it has often been thoroughly 
decomposed on its outcrop to a very considerable depth. Where the serpentine has formed cliffs it 
has been washed into the valleys, so that there is a Urge deposit of material from the decomposed 
rocks. In such cases it will be found that what appears to he nothing more than ordinary dirt will 
contain frequently from 2 to 8 per cent, of metallic mercury, with only a trace of cinnabar ; in which 
case it is made up into adobes and distilled. Not unfrequentlv the outcrop of the rock where it is 
not decomposed is filled with metallic mercury, so that by striiung a pick into the rock, a pound or 
more of mercury will sometimes spurt out at a time. Such rock as this is found in several 
localities in every stage of impregnation, from mere microscopic globules up to those yielding large 
quantities of it, which makes very rich ore ; there is, however, not very much of it in any one place 
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It ooDBeqnently eaniiot be dependeil upon, aa it is only found in the first workings. The ore in 
depth la always cinnabar. 

At the Sulphur Bank Mine in Lake County, the ore is found in an eztinot geyser which still 
produces boiling water, associated with very large quantities of gypsum and sulpliur, directly on 
the shore of the lake. Sometimes there is more sulphur than cinnabar, which is a detriment to 
l)oth sulphur and cinnabar, making the sulphur impure, and rendering the cinnabar difficult to 
work on account of the soot In some of the early constructed furnaces, the accumulation of soot 
from the excess of sulphur has been known to penetrate as far as the blower, and completely pre* 
Tent its reTolution. Jn order to get rid of the inconvenience of this accumulation of soot, ns well as 
to get a commercial v^ue from the sulphur, it is now septrated by steam and sold. The ore is 
mined in an open cut, and in several places they have reacned tiie lake level. Besides the rich ore 
there is a very large quantity of poorer ore yielding 1 or 2 per cent., wliich the sulpliur makes almost 
impossible to work. As the sulphur is in such large quantities, it is very necessary that the work 
should be done without fire, the use of which is strictly forbidden to the workmen. 

The ore is divided into two separate categories, tliat containing a large end tliat containing a 
small quantity of sulphiu-. That containing a large amount is first treated for sulphur in a steam- 
furnace. The upper part, which is round, is made of thick boiler plate bolted on to a rast-iron 
bottom. The charging door is hinged, and screwed down with a handle. The lower part is pro* 
vided with a heavy cast-iron grate, on which the ore rests. The ore is charged upon the grate and 
the furnace closed. Steam at the temperature of 280°, and at a pressure of 50 llx, is introduced, the 
sulphur is melted, liquates, and runs through the grate into the lower part, from which it is dis- 
charged by means of the stop^sock, which is surrounded by a steam jacket to keep it hot. When 
no more sulphur flows the discharge door is opened, and the residue is treated for mercury. 

The att« mpt to concentrate the poorer ore has been made with more or less success, with the 
Frue Vanning machine. The results of these concentrations are treated in retorts, of which there 
are fifteen or twenty. The fine ore is treated in a furnace somewhat similar to the old Idrian furnace, 
but as it is used for fine ore it is made to fall over triangular shelves made of tiie, and arranged 
somewhat similarly to the Gerstenhofier fumnce. The condensers are arranged as in the old Idrian 
furnace, although they are continuous. The furnace treats 12 to 13 tons in twenty-four hours. 

Generally the ore, as it comes from the mines, is more or less hand-picked. The attempts which 
have been made to treat the ores mechanically have usually not been successful, and no attempt is 
made to concentrate the ore. It is taken as it comes from the raiues, and if it contains binding 
material it is made up into adobes ; if it does not contain any, some must be mixed with it. The 
adobes have no regular size or weight, and are treated in the furnace as large ore. 

The metallurgy of mercury in California is essentially different from that employed in all other 
countries in this respect, that all the furnaces use fans placed beyond the cnndensine apparatus, to 
furnish their draught; this plan not only gives an al«olute control of the draught, out avoids the 
necessity of employing chimneys, and prevents the action of the fumes on the surrounding life and 
vegetation. The oonst-quence of thin arrangement is, that the draught is always towards the interior 
of the furnace or condensing apparatus, so that if a crack appears, or a door is left open, no fumes 
will escape ; cases of salivation are coubcquently very rare. Tlie draught can always be regulated to 
suit the working of the furnace, or the irregularities of the weather, by changing the velocity of the 
fan. In aU of these methods the furnace itself is of very much less consequence than the condensing 
apparatus, though it should always aim to extract the metal from the ore at the lowest possible 
temperature, and to be able to work the ore required after the least possible mechanical prepara- 
tion. It is consequently on the ondenHing apparatus, rather than on the furnace itself, that the 
greatest number of experiments have been made. Of these furnaces, the one which has tbe best 
condensing apparatus will be the best. 

The processes by which the ore is treated are, first, the process of precipitation ; second, that of 
roasting. The precipitation is done in retorts with lime, and consists of admitting oxygen enough, 
by means of an excess of air, to produce sulphate of lime and free mercury. The roasting is either 
done in continuous or non-continuous furnaces which are either retorts, or various kinds of shaft 
furnaces. The reaction, as the ore always contains more or less moisture, couttists in volatilizing 
the sulphur, and oxidizing it so as to produce sulphuric acid, which is taken up with the moisture, 
and runs to waste, while the mercury becomes free, and is caught in condensers. The furnaces, 
which are not continuoui>, are a modification of the old Idrian furnace. Those which are continuous 
are the Lockhart and the Livermore furnaces, the latter adapted only for treating fine ores. 

There are a great many varieties of shaft furnaces which are continuous, some of which work 
with water jackets. 

The only eflbrt made to sort the ore is a rough attempt at hand-picking. It is generally assorted 
into approximate sizes, over rudely constructed g^tings, the object of which is to separate the fine 
ore as much as possible, since most of the furnaces would be clogged if fine ore in any proportion 
were allowed to enter them. No assays are made ; there is consequently very little dependence to 
be placed upon any of the statements of the advocates of the different kmds of furnaces, that their 
furnaces actually yield a higher percentage than those of their neighbours, or, in fact, that they 
yield any given percentage at all. The only statement that can be relied upon is, that they produce 
in twenty-four hours a given number of pounds of mercury. The mercury U delivered to the market 
in iron fiasks, which contain 76^ lb. each. It is accurately weighed in a balance constructed for the 
purpose, and poured into the fiasks.> They are doseci with an iron screw for a cork, which is 
screwed tight with a long lever, and then slupped to the consumer. When the fiask contains more 
or less than this, it is called an irregular flask. 

METERS. 

Water meters may be divided into two distinct varieties ; low-pressure and high pressure meters. 
The first are represented as a class by those which discharge definite quantities of water, by 
eucoessive and intermittent actions, out of measuring chambers of known capacity, into cisterns 
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■I by the mero Telocity of the oi 
'B by the preeaure alone. 

!□ Reid'B metBT, iaatesd of emptoying the ordioary form of piitoii, tbera ii a light and easy 
fitting inetBlIiopiatun of a rectangular ibape, revoMog on one of its edgea anntodtlie aiiaofa abort 
cylinder, while its opposite edge aweepg the inner circumferenoe of the cylinder, and moving au 
u^ly tluit a few inehee of water prcffiure is mffident for its impulae. 

Figs. 1751 and 1TS2 are Tertit'al sectiona at ri^t angles of the inatniinent. Tlie meamring 
ohamberiA ia a oyliadjical segment, rather larger than a balf-cittile ; the index d, witllin a glaaa- 
fronled boi c, and the oounter-vr'ieela areooted onI>y the revolviog spin die , , 

Tlie piston e is rectangotar, and is connected to thci spindle paaxing 
throDgh a Blot / in the piston, ns in Fig. 1751. One edge of ihe piston t 
works in contact with Ihe inner anrfoce of the cylinder, whilst the 
oppoaile edge works into a ooncentKc cylindriral oavitT nf smaller ladiua 
formed in the chord side of Ibe chamber. The obord side is vertical or 
inclined, Ibe inlet for the liqnid ia below the central oavity, and the outlet 
ia above it. When the piston ia in the position shown, tbe liquid entering 
below lifts it npwarda and innnd the oonrse till nearly parallel with the 
chord, at which lime the lower edge of the piston escapes from tbe 
centnil canty, and slides down by eravitation over or Ihrongh tbe apindle, 
Uine translaliug tbe axis of revolution from one end of the piston to 
tile other, when it again oBeenda by the presBore of the inlet from below, 
while tbe liqnid above is foroed ontworda by ascending throngfa the ' 
outlet port above. The opposite sides of the piston at the ends are slightly 
bevelled off, to ensnre the piston sliding down jnst before it cornea in 
contact with the ohord anrfaae. 

The piston meter, Fig. 1758, andtoaamaUerscaleinseotion, Fig. 1754, 
invented by B. Hannah, of Darlington, consists of two cylinders, with 
pistons, which actnate each other's slide valves. The Ivger of these 
chambers forms the body of the meter A A ; the smaller, B B, forms tbe ^""^ 

valve cheat, and is flied witliin the other, the whole being made in halves which are bolted 
lovether at the oentre and edges. Tbe side wings of the wive cheat oontain tbe small ohamber, 
while its centre ia occupied by the valves and porta. All tDa ports eiMa op on one level face flash 
with the main joint. Tbe small piston valve E F is double-ended, and oarriea the main slide 
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valve. These two arms, whose poailions are d 
by their nnla on the valve, ore bent outward nnder 
tite face, and are poshed alternately by the main 
piston at the ends of its stroke. The index is of tbe 
on fnm the main piston by means of a ratoliet. Water 
oylindrli^ perforated strainer U. which can be removed for 
cleaning at any time oa taking' off the top ant. to the valve chest, filling tbe space V between 
the two ends of the small piston. There is thus an eqnal and constant premure on tbe inmde of 
bolb ends of it, its motion being caused by tlie disturbance of equilibrium, when one end of its 
ohamber ia oonnected with the tuppiy and the other with the exhaoat. ¥nxa this chamber tlie 
water is distributed by tbe slide valves r and K throngh the ports IJaod PD, to the main and 
Bsrondary obombera allematetv, and is ultimately exhausted through the oentre ports Q B, which 
unite to form tbe outlet S. The ootlon is as follows ;— The main piston, when in the act of com- 
pleting its stroke, pusbea the seoondai^ slide valve K into its reverse poeition. The teoondary 



n slide voire c, 



is reversing of the main 



piston'then makes a stroke, carrying nitb Jt the m 
llide causes Ihe return motion of the main piston. 

The meter. Figs. 1755 and 1756, oonsists of two cylinders and pistona, end to end on the terae 
axis, the cylinders bring separates] by a narrow space, in which tbe levers for working the slida 
valves are placed. The whole of the meter, excepting the two cylinder covers and the valve 
jacket, ia in one ousting. The water is admitted to and expelled from both sides of each piston 
alternately, and each piston worka, by means of levers, tbe slide valve of its opposite cylinder. 
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£aoh plrtoD tanit tnT«I to the end of tia itroke, »nd empty the total wpadty of its ojlioder, befora 
thoottieroyliDdeiaan moaira it* aomplemeiitot water. 

Fig. 1756 ia a longittidinal leotion, with one piatoa and rod in eleTation, and the other in part 
■ectioQ. Fig. 17S6 \» a oioM-Motion through the level chamber. Fig. 1TS7 is a plan of the valve 
fiioe* and the like. A B are the two cjliiulera buihed with grm-metel, and borad out truly with 




each other by the Mune borinf bar. C D are the pistons of cast iron with metallio packing rings, 
wliioh are prererred for this purpose. The piston rods E and F are of nib-nietBl, and are indepen- 
dent or each other, but the end oF F is increased in diameter and bored out to receive the end uf E, 
which works lieely in it. The pistons have a long base, in wliich the rods work li'eely, and, as the 
end of tbe boai is nlid, no water Mo pass troia one side of the piston to the other. The rods are 
■lotted out as in Fig. 1755, and the pistons have a steel pin G secured through their boas, which, 
after the piaton has bavelled for a portion of its stroke, strikea the end of the alot, and works the 
valve motion. Gun-metal boahea H H are screwed into tbe inner ends of the cylinders A B, and 
leather oollara are inserted throngh whlob the piston rods work. The leathers are kept in poaition 
I^ aorewed nota. In the chamber K two gnn-uietal levers L and M are fixed, to oacillale on 
tb^ reapeotive stpda N and O. The piaton-rod E haa a alot near ila end to receive tbe extremity 
of tbe lever L, and the rod F haa ita two aides flattened to form ahoulders for the forked lever H. 
The lever L is oonneoted by the link P to the slide valve Q, and the lever H by the link R to the 
valve B. The valves are of the ordinary D shape, and, as well aa tbeir taoes, are of Kon-mettj. 
The levers are proportioned so as to give to the valves tlieir proper Bmount of travel. On lije top 
of one of the links a projecting stud or pio is formed, giving motion to a lever pinned on to 
tbe end of a apindte V, which paaaee through the ttufflng-box into the bottom of the box X. 
On the other end of thla apindte a ratchet with spring is fixed, end works into a ratchet wheel, 
■aecured on the main spinale of a connter-gear, enclosed in a water-tight box Z screwed into a 
reoeaa cast on the top of the valve oaaing. The counter-gear ia similar in all aizea of the metera, 
with the exoeption of the ratchet wheel, which ia varied as to the number of teeth to suit the 
registry of the variona sized meters. These meters are very compact, the size with a l-io. 
delivery only oconpyiag a space of about 15 in. by 14 in. deep over the mdei box. A meter having 
cylinders 4| in. diameter, with a 2-in. stroke, delivers from 2300 to 2700 gallona an hour. It 
is stated that tbev can be worked under any preasure, and have been found to register equally 
ooirect under 50 lb. a »q. in., and under a few inches head of water. 

In tbe current meter designed by B. T. Moor«^ the two main feature* are the frame, which ia 
so ennitructed as to secure the required position of the instrument in running water; and the 
rotating cylinder, containing the internal mechanism for recording the number of revolutions made 
in a given time. Tbe Instrument can be lowered into water to tbe required depth by a light chain 
or OMd &om a boat or other platform, and the rotating cylinder can be set in action or stopnid at 
any instant while under water. When the current meter ia lowered into mnning water it takea up 
a definite pneition with respect to the direction of the stream, and steadily maintains that poaitioD. 
no apparatus being required to Hx iL Fig. 1758 is a side elevation of the iiistruoieot, and 
Fig. 1759 a plau of the frame wilb a section of tbe revolving cylinder, showing the mechanism 
within it. Figs. 1760, 1761, and 1762 are transverse aectiooa of the revolving cylinder. The frame 
oonsists mainly of three fiat tbio i*n of brass, united to the solid ogivid head which forms the 
front of the Instrument, and terminating in a long double tail or rudder, the aeclion of which is a 
croan with equal arms. They are bound together to form a stiff and strong frame, but so as to 
offer the least pnasihie reaislanre to running water. 

The frame is suspended from a stirrup by two bearings, the geometrical ails of which is 
perpendicular to tbe longitudinal axis of the frame, which passes through tlie point of the ogival 
bead and the line of intersection of tbe plates of the double tail ; and the sides of tliis stirrup are 
extended downwards, and pierced with two boles for tbe pnrpoae of attaching a lead weight to 
keep tbe instrument in plaoe when used in a rapid stream. 

The mtating cylinder is immediately behind the ogival head, having its axis coinctdent with 
tbe longitudinal axis of the frame. 'Hie centre of gravity of the whole inatrnment ia in the 
geometricnJ axis of tbe bearing* by which the inatrnment ia anspended from tbe atirrup, and 
midway between them. 

Tbe instrument ia ajrmmetrioal about a vertical plane through the longitudinal axia, and, with 
the exception of tbe keel plate, about a horiiontal plane throng the aame axia. Thus, when tlie 



Bttrmp, the BtKam, aotiog upon the double rudder, irill tiring Uie loHKitadinal ozia of the imtro- 
ment in the directioii of Uio current, with the oRirel head pointing aocnratelj up the rtream, and 
tliJB posilion of the instrument vill hold good hawevcr gimt maj be the velocitj of the atream: 
for the vertical line through the centre of gravity, the direction of the pull upon the stirrup, and 





Thle does not toko into acoontit the action of tlio water on the keel plato, which prodocea a 
couple of amall moment tending to raise the tail uf the instratDent ; but this teodenoy is easily 
corrected br giving a slight inclination npnardB to tbe 

horizontul plate of the tail, which mils into Hction a oouple ' •"■ ""■ 

of equal moment in the opDoaito dinotion, and thns tbe 
aziB of the initnunent ia kept in the direction of tbe 

The cylinder is set in rotetinn, or stopped, hy openting 
on the spring which is fiied to the frame and pnrtly em- 
biaees the cylinder. A light oord attached to the apring 
iNUsec, aide by side with the cord whiob anspends the 
instmiDent, to Ihe hand of the operator; by raiaing tbe 
cord a few inches, until it ia tight, tbe spring ia lifted and 
tlie cylinder ia released, and wlien tbe oord ia lot go the 
apring ia set freo and again engages tlie cylinder. It is 
oonvenient to puse this cord throng amall rings nfoa tbe 
main oord at lotervaU of 1 ft. ; thns all chance of tbe 
stream lifting tbe spring ia svoiiled, and the rings serve to 
measure the depth to vcbich tbe ioatrumeot is lowered. 

Tbe cylinder is aet in motion, wheit free, by the action of the running water oi 
filed to it. 

Id the instniment, Fizs. I7SS and 1759, the recording mechanism is placed inside the rotatinft 
ojlinder, which is water-tight and ooDtaina a atrip of glaae so placed that the mechnaiam can he 
clearly seen through it. In other inetrumEnts the mcchaoiam is enclosed within a water-tight tube 
nf glass, which slides in and out of the rotating cylinder. The tube is closed by two brass disci 
connected toother by a thin steel spindle, the axis of which coincides with that of the tube e^d 
cylinder ; tbis spindle ia acrewed at its ends into tbe discs, bv wbicb means tbey are drawn close tt> 
the ends of the glasB tube, and the joints are made water-tight by thin rings of leather. When the 
cylinder containing tbe glasa tube ia set in rotation, the emal] steel apindie also revolves about it* 
own axis. From tbia spindle ia suspended a small rectangnlai brnaa frame, having holes at the 
ends tbrongh which the spindle passes. The fmme contains a aimple tmin of wheelaocHinected 
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by a warm-wheel with an endless aorew npon the spindle, the centre of g'^vitj of the frame and 
wheels behig below the axis of the spindle ; conseqnenUy, when the spindle totoItos the frame 
remains at rest, or oscillates very slightly, and motion is set np ii^ the train of wheels, and the 
revolutions of the oylinder are recorded by giadnated dials roTolvrng with the wheels. There is no 
stnffing-boz, stiff joint, or bearing, in any part of the inBtrament. The resistances of the working 
parts are extreme^ smiall, and the cylinder may be made to revolve with a velocity much greater 
than that dne to any running water without fear of the suspended frame tripping or turning over. 
The rotating cylinder being hollow and water-tight in some instruments, and containing a water- 
tight glass tube in others, is supported by the water to the extent of the weight of the water 
displaced, the difference between its weig;ht in water and in air being the weight upon the 
bearings. Tliis resulting weight is less than 1 os. in some of the lighter instruments, and in 
the heavier instruments, containing the glass tube, it gives an average pressure on each bearing 
of about 5 01. ; and as the bearings are less than ^ in. in diameter, the frictional resistance which 
they offer to the motion of the cylinder is extremelv small. Moreover, the instrument is far more 
sensitive to the action of running water than would at first appear, because the weight of the 
rotating oylinder and its contents is twice as great in air as in water, being on an average 10 oz. in 
water and 21 oz. in air. 

Tlie friction of the internal mechanism within the p^lass cylinder is constant and wholly 
unaffected by the velocity of the stream. This mechanism is lubricated by oU, which seldom 
requires to be renewed. 

The friction on the front external bearing is also constant, as this bearing only supports one end 
of the cylinder and sustains no thrust ; the weight upon it is about 6 oz. The friction on the back 
bearing, which also acts as a pivot, is the only variable friction in any working part. This pivot 
has to sustain the thrust caused by the action of the runnins water on the screw blades only, there 
being no thrust due to the running water on the front end of the cylinder, because that is protected 
by the solid ogival head which forms the front of the frame. Thus the only variable friction is that 
due to the pressure on the back pivot. The moment of the resistance due to this friction is propor- 
tional to the product of the pressure and the radius of the pivot. This radius being less tlian -^ in., 
while the effective radius of the screw blades is not fisr short of 2 in., the ratio which this moment 
of resistance bears to the driving moment caused by the action of the running water on the screw 
blades is extremely small, and consequently the variable resistance of this pivot will not be sensible 
in practice ; thus the friction of the working parts is for all practical purposes a constant quantity. 
The belongs upon which the cylinder rotates are the only bearings exposed to water. They are 
made of steel, nickel-plated, and are lubricatied by the water in which the instrument works. 

The rate of the instrument was obtained by clrawing it several times through still water, for a 
known distance, at different velocities, for which purpose it was attached to, and underneath, a float 
about 6 ft. in leng^. By comparing a number of results obtained in this way the formula 

V = 1-2B + Q, 

was arrived at, where Y is the velocity of the instrument through the water in feet a minute, or 
the velocity of the water with respect to the instrument ; R the number of revolutions of the 
cylinder a minute^ and Q a quantity which vanishes when R is equal to or greater than GO, and 

60 — R 
increases, as R diminishes, in the ratio of 1 to 5, the general value of Q being — = — t 

5 

fiO •.- R 
.'. V=l-2R-h^^^^-^=l-2R + 12-. •2R = R-hl2, 

for values of R less than 60, and 

V=:1-2R 
for values of R greater than 60. 

From this it follows that when the velocity of the stream is 12 ft. a minute, the rotating 
oylinder is bordering upon motion, its moment of inertia being just balanced by the moment of the 
force due to the action of the running water on the screw blsdes. 

The instrument will not measure a smaller velocity than 12 ft a minute when it is suspended 
from a boat at anchor, or from a fixed platform; but smaller velocities may be measured by it 
if drawn, with a known velocity, against the current. Thus, if the instrument be drawn with 
a velocity of 20 ft. a minute against a stream whose velocity is V, and the number of revolutions 
be 14. 

20 + V = 14 + 12 = 2C. and .-. V = 6. 

In this way very small velocities may be measured. 

The current meter, when in use, is always drawn back by the stream through a small distance, 
from the vertical line passing through the point of suspension, the amount increasing with the 
velocity of the stream and the depth to which the instrument is immersed. This distance is 
greatest when the rotating cylinder is at rest, because the screw blades, being then fixed, offer 
greater resistance to the water. When the oylinder is set free, b^ raising the spring, the resistance 
is diminished, and the instrument advances through a small distance to meet the stream. This 
advance will tend to increase tiie number of revolutions of the cylinder in a given time, but on the 
other hand, it is equivalent to a momentary quickening of the stream, which helps to overcome the 
inertia of the cylinder and to set it in full rotation quicker than would otherwise be the case. 
But the greatest error which could arise from this advance of the instrument is extremely small, 
compared with the whole number of revolutions made in a given time ; by allowing the instrument 
to remain some minutes under water, this small error is distributed over the whole number of turns, 
and becomes practically inappreciable. The vertical depth of the instrument below the surface 
is also affected by the distance through which it is drawn back by the stream, but this error in the 
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depth would be only a Bmall fraotion of the horizontal distanoe, and oonBeqaenily it wonld not be 
neoeaeary, even if it were possible, to take it into aocoant 

To use the instrument, the stirrup is put back upon the frame and the latter raised to the level 
of the eyes, the tail being held with the nght hand, and the pointed head with the left. The dials 
will then be seen through the glass, and their reading must be taken down. The instrument is 
next to be lowered into the water, started and stopped at known instants by the spring, then 
drawn up out of the vrater, and the reading taken again. The difference between this and the 
former reading will give the number of revolutions in the time observed. In Fig. 1762, the frame 
which contains the mechanism is shown detached from the cylinder, the reading of the dials 
being 32,705. 

The dials will record 100,000 revolutions of the cylinder, after which the same reading will 
recur. This number of revolutions is equivalent to 120,000 ft., or more than 22 miles. Thus the 
instrument might be left under water for eleven hours, in a stresjn running 2 miles an hour, before 
the dials would go through a complete period ; and even if the period were overrun, a comparison 
of the readings, with an approximate estimate of the velocity of the stream, would inmiediately 
reveal the fact 

An important characteristic of this current meter is the rapidity with which it can be used. 
A velocity at any depth down to 20 ft. can be taken with ease in five minutes, allowing the 
instrument a run of four minutes under water ; in other words, only 20 per cent, of the whole 
time is required for observing and recording the instrumental readings. By using two instruments 
together tne time can be still further economized, and each instrument will remain a longer time 
ui^er water. 

FoBM OF Field Book vob Gubbert Meteb. 

Tj.f^ «r ;«i.H««^* 1.0- velocity in feet a minute 

Kate Of instrument, 1*2 = r i r~r- : — r~* 

^ number of revolutions a minute 



No. of 
Otaer- 
▼aiioD. 


Times of 

StarUngand 

Stopping. 


Intenral 
(mtn.). 


lostrument 
BeadlngB. 


Differ- 
enoM. 


Beyoln- 

ttoDsa 

Minate. 


Velodtj. 

Feet a 

Hlnnie. 


Mewi 
adopted 
Velocity. 




1 


B. M. S. 
3 2 15 
3 5 15 


3 


23,714 
23.927 


213 


71 


85-2 






2 


8 6 10 
8 9 10 


3 


23,927 
24,141 


214 


71-33 


85-596 


85-40 


Station A. 


3 


3 11 20 
3 15 20 


4 


24,141 
24,513 


372 


93 


111-6 






4 


8 16 10 
3 19 10 


3 


24,513 
24,794 


281 


93-66 


112-39 


112 


Station B. 



In considering the mechanical principles on which the current meter is constructed, if A B, 
Fig. 1763, represents the axis of the instrument, A being the point of the ogival head, and B the 
extremity of the tail, and C its centre of 

gravity, B is alx>ut three times the 17S3. 

length of A G. 

The forces which act upon the instru- 
ment are : W, its weight in water ; R, the 
resistance which it offers to the stream; 
and P, the pull upon the stirrup, which 
inclines forward tlirough some angle $ 
from the vertical. 

These three forces, P, W, and B, are in 
equilibrium at the point G. 

.-. P cos. e = W, and P sin. e = B. 

The position of the axis A B is mani- 
festly one of stable equilibrium when in 
the direction of the current ; for if it be 
diiplaoed about the point G, the action of 
the cnrrent will restore the axis to its 
former position. An increased velocity in the current increases R, and, therefore, both P and 6L 
This increase of 9 can be prevented, when desired, by suspending a weight from the two ends 
of the stirrup. 

Let W be the effect of this weight in the vertical direction, then the former of the above 
equations becomes 

W + W = P cos. e. 

Thua-0 may be made as small as desired by sufficiently increasing W. 

OBES, Maobines ahd Pbooebbes employed to Dbbsb. 

In dressing the tin ores of Gorowall, the object is to separate the ore itself, amounting to 
only ftom 1 to 2 per cent of the whole stuff nosed, from the large proportion of foreign mineral 
matter with whidi it is associated in the lodes. The ore of tin is a peroxide, which, when pure, 




oonMiU 78-6 per oenL of Dietallic tin and 21-4 per cent, of oijgen. The Imporitiea with ubich 
it i» anooialed txe mostly qnutz, iron pTiites, oommonly called ninndie, yellow copper ore or 
oopper pyrites, arsenio, sulphur, cobiilt. and wolfram. The apeciflo grayity of thew minerala u 
■iiown in the following table, which is particalarly interesting in ooneeqaence of tlie oiroonutance 
lainly, in lepanktinB the particlea by taking 

BptdltegaTlir. I 8p«lfle«r«llj. 

gulphor 203 Arienio 5™ 

Quarts 300- Cobdt 500 

Copper pyrilet 1'23 Peroiideof tin .. .. eMtoesO 

Iron pyritee. or muadio .. .. 190 j Wolfiam 700 to 750 

The tlone that has been ragged and jpalled is ready for the neit process of stamping, in which 
it is cniihrd by stampi to a fine powder. Tlie ordinary stamps, already desonbed on pp 273 and 
2527 of this Dictionary, are arrsngad in sets of four beads each, each cam shaft lifline siiteen heads or 
four sets ; the nmober ofheoda depends upon the extent of the mine, and in some there are as many 
a* tweDty-flve sets or one hnudred beuds. The diaadvaotage in the action of thfae stamps u that 
they prodnofi a large proportion of slime, or material so yery finely puWoriied that maoh of It 
remains permanenlTy miied with the water ILrougiiout the mibseoneot ptooess of sepBratitm, and 
thereby gets carried away a« waate, though containing tin ore. The production of slime by the 
stamps is in coneequence of their alow action allowing much of the pnlyenzed material to setue 
down in tlie coffer and become further crushed to an unne«e»arily floe powder, iW|te«l of PMjing 
out at once through the grates ; and a quicker speed than fifty to serenty blows a minute cannot be 
obtained with the lieight otbll of these stamps. ,^ v v i 

Pigs. 1764 to 1767 show Huaband'a pneumatto atamps, in which thia difflcnltr Ha* been met, 
by ui u)geDiona aimngement for greatly iucwaung the rapidiQ' of the blows, by the use of an air 

19*1. 1"*' 



noing. The attunp head ia not lifted 
dlreot, bnt ia attached to a piston H 
Working In an nir cylinder K ; and ttiia 
cylinder has a reciprooating motion given 
to it by a crank shaft, through a forked 
connecting rod tlmt ia coupled to trun- 
nions upon the cylinder. When the 
cylinder is raised by the crank, the air 
below the piston ia oompreaaed, and the atamp ia thrown np ; and 

centra, the air aboye the piston ia compreased^ and the itamp ia d _. ._ . _ ., 

considerably greater than that due to gravity. Tlie alamp head and piston rod, weighing together 
nearly 3 cwt., are by thia meana made to have a fall of about 16 in., with a stroke of only 10 in. 
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in the crank, and a speed of 150 blows a mtnnte, in oomparison with a fall of only 10 in. in the 
ordinary stampB, and a maximum sp^ed of only 70 blows a minnte. A ring of small holes is 
made all round the cylinder immediately aboTe and below the centre position of the piston, as 
in Fig. 1764, so as to ensure both ends of the cylinder being filled at each stroke with air at atmo- 
spheric pressure. A continuous stream of water is made to flow through the hollow piston rod, for 
the purpose of preventing risk of heating by the compression of the air in the cylinder ; this water 
is di^sliarged through siuali holes at the bottom of the piston rod, just aboye the stamp head, and 
serves as part of the supply of water for the stamping operation. The main portion of the water 
supply to the stamp head is delivered in a circular jet, under a pressure of several.feet head, upon 
the outside of the piston rod, where it passes through the cover of the coffer, Fig. 1767. In onler 
to prevent the unequal wear of the stamp head, that would arise. from the supply of fresh unorushed 
stone being on one side only, an arrangi>ment is made for turning the head round into different posi- 
tions at regular intervals. This is done by a horn L fixed on the piston rod by a set screw, and 
working between two vertical guide bars. Fig. 1766 ; and about once a day the position of this horn 
is shifted so as to turn the piston rod partly round, and cause the stamp head to wear in a fresh 
place. These pneumatic bioimps are erected in pairs, and stamp from 8 to 10 tons a head a dny, in 
comparison with { to 1 ton a head a day, the work of the ordinary stamps ; the comparative con- 
sumption of coal a ton of ore stamped \a also in favour of the pneumatic stamps. They have an 
important advantage in portability ; and in the esse of starting new mines, they can be readily 
transported from one point to another if found desirable, requiring but little foundation. 

The form of huddle Mnerally used in the first stage of the budiUing process is shown in 
Figs. 1768 and 1769, and is known as the Convex or Ccntre-hesd Buddie. It oonsists of a circular 
pit, about 22 ft. diameter 

and from 1 to 1} ft. deep at I7e8. 

the circumference, with a 
raised centre 10 ft. diameter, 
and a floor falling towards 
the outer circle at a slope 
of about I in 30 for a length 
of 6 ft The stuff is brought 
to the centre of the huddle 
in launders A, into which 
a constant stream of water 
flows ; and it is distributed 
upon the raised centre frt)m 
a revolving pan B canning 
a number of spouts, so as to 
spread the liquid stream very 
uniformly in a thin film, 
which flows gradually out- 
wards over the whole of the 
sloping floor to the circum- 
ference. In its passage down 
the slope the material held 
in suspension by the water 
is gradually deposited ac- 
cording to its specific gravity, 
and the tin ore being the 
heaviest is the first thrown 
down, and is consequently in 
greatest proportion towards 
the centre of the huddle. 
The outflow C for the waste 
and slime from the circum- 
ference of the huddle is regu- 
lated by a wood partition 
perforated with horizontal 
rows of holes, which are suc- 
cessively plugged up fh>m 

the bottom as the height of the deposit in tho huddle rises. To faciliate the unifurm speading of 
the stuff over the floor of the huddle and prevent the formation of gutters or channels in the deposit, 
a set of revolving arms D are employed, from eaeh of which is suspended a sweep carrying a number 
of bnkdies or small pieces of cloth, and these being drawn round on the surface of the deuosit 
keep it to an even surface throughout; the distributing spouts and sweeps are driven at about 
five or six revolutions a minute. Figs. 1770 and 1771 are of Martin's huddle, in which the 
stream of stuff supplied to the huddle is itself made to drive the revolving centre pan and sweeps, 
the supply launder A delivering the stream upon a small water-wheel E geared to the pan B. 

As the deposit accumulates in the huddle, the sweeps are successively raised to a corresponding 
extent ; and the process is thus continued until the whole huddle is filled up to the top of the 
centre cone, which usually takes about ten hours. The contents are then divided into three con- 
centric portions, each about a third of the whole breadth, which are called the head, middle, and 
tail ; the head, or portion nearest the centre, contains about 70 per cent, of all the tin in the stuff 
supplied to the huddle, the middle nearly 20 per cent., and the tail, or portion next the circumfer- 
ence, contains only a trace ; the remaining particles of tin are carried off by the water in the state 
of slime. 

The heads from several buddies are then shovelled out, and thrown into a trough or launder^ 



1T69. 




into which % atream of clear 
water flows, of BDfflcientqaantit; 
to conv^ the stuff lo another 
huddle of diflereiit conilniatina, 
the Concave Buddie, Figa. 1772 
and 1773. TbestuffU supplied 
at the centre of the huddle aa 
before, but is oonve;ed ^m 
thenee direct to tlis drenm- 
ference, b; reTolrin^ apouta 
that deliver it in a continuous 
■tream udod a circular ledge, 
from which it flows uniformly 
over the conical Door, falling at 
a Blope of aliout I in 12 towards 
the centre ; it is kepi nDiformlf 
distributBd by moaog of revolv- 
ing iweepa, ea in tlie pravious 
huddle. The ^''^teBt poition 
of tlie tin isin thie case liepoeiled 
round the ciioamFeruace of the 
Uoor, and the slime sue) wasie 
flow away through rows of holes 
in the diles of a ceoire wall ; 
as the depth of deposit iacreaaes, 
the level of theoverflow is gradu- 
ally raised by plugging up these 
holes in suoceasiou. 

Figs. 1774 and 177S show 
an improved construction of 
Oocicave Buddie by Edward 
Borlase, which has a mechanical 
arrangement for adjusting the 
level of tlie central outflow, hj 
raising a ring B that alidaa upon 
the centre vertical shaft, aa 
shown la Uie detail view to a 
lari^er scale. By this d 




thin by the plugged bolee in 
the ordinary buddies, and there 
is leas liability to waste by gut- 
tering. The sliding ring B Is 
raised by hand bv the rod 1 and 
lever L provided with the doable 
adjoating nuts N : and the arms 
of the sweeps D being sujiporled 
upon the rising ring are kept 
constantly at the pruper height 
b; the same adjustment. A 
mechanical agitator H at the 
head of the feeding launder stirs 
up the staff belbre entering the ; 
huddle. 

Another form of huddle ii i 
t'le PropeUer Knife Budillo, 
Figs, 1776, 1777, It consists 
of aayUndricalfr.iii]e,iltft. ling 
and 6 ft. diameter over all, ro- 
tating on a horisontal axis, and 
carrying a series of sciapera or 
kuifo-blades arranged in spiral 
lines round its circumFeteiiee, 
which revolve cloee to a cflin- 
drical casing lined witli sheet 
iron, but without touchiog it: 
the easing forms the bottom of 
the buddic, and extends rather 
leas than one-qunrter round the 
ciroumfBrenoc of the revolving 
frame, as shown in Fig. 17T7. 
The tinBtuff is supplied at one 
end of the huddle from the 
hopper A, and is tnaile lo tra- 
verse gradually along. Uie whole 
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length to tbe olhoT end by the 

EmpelliDK BctiOD of the revolving 
□ives, vmciinrefliedobliqaelj. 
and Tollow one nnotlier in spiral 
lines round the cylindrical 
frame. A gentle streani of 
dear water Bowb down over the 
whole eiuved gurface of the 
bottom of the huddle, and the 
minerals are gmduall; proptlled 
to the rarthtr end, where they 
drop over the edge into the re- 
ceptoete E. The machine is 
dnven at aboat 20 revolutiona a 
minute, giving the knife-btadefl 
a speed of about 370 fL a minute. 
The action of this machine is 
found to be Ter; perfect, the 
whole of the staff being oon- 
ttnoallf turned over by thekntfa- 
bladea and pushed npwards 
Bgainxt the deaoending itreem 
of water, which waahei ont the 
lighter particiea ; the resnlt is an 
onnBually complete soparatioo of 
the tin ore, in a single operation, 
with onlj a small proportion of 
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of the second waste hutch D, are 
so poor as not to pay for any 
farther dressing'; and the waste 
ID the first hatch 0, oontsining a 
•mall proportiOQ of ellme tin, is 
passed through the buddle a 
second time. 

The process of bnddling is 
Mpraled three oi fbnr limes in 
saoceaaire buddies, fbr farther 
separating the foreign matter 
&om the tinstnff, and the latter 
is then subjected to the process 
called toesing. It is pat into a 
tnb or kieve, about 31 ft. diameter 
and 2i ft. deep, and having been 
mixed with an eqoal bulk of 
water is then stirred up with a 
shovel oondDuouslj in one direc- 
tion until the whole of the staff 
is in a state of motion ; the object 
is in this way to get rid of the 
""T particiea of foreign re"" 



then undergoes the proccsa called 
packing, which ooruiste in tap- 
ping the side of the kieve wiUi 
a heavy iron bar continuously for 
a period varying from a quarter 
of an hour to an boor ; the bar 
is held Tettioally with one end 
mating on the ground, and with 
the upper end repeated blows of 
about 100 a minute are struck b; 
hand against the edge of the 
kieve. This keeps up a constant 
gentle vibration in the oontcnta 
and facilitates the separation of 
the tin ore, which gradually 
settles down (o the bottom of the 
kievH. Instead of a liar worked 
by hand laboar,a hammerworked 
bj mechanical means is em- 
ployed at some mines for pei^ ' 
forming the packing, with the 
odvautage of maintaining com- 
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plete legtdarity fnitiikin^theblawBroTsnjrleii^of timeraquired. When the packinf; {■ flnuhed, 
the apper portion of the stuff in the kieve is Bkimmed off aod baildled over anio, and ths 
remainder, now called whita, is tftken to the buniiiiK house to be oaleiiied. The kieTS ie oom- 
plelelj cleared out before being refilled with a fresh charge. 

The ore-dressing maebine of T. Borlase, shown in Figs. 1778, 1779, consists of a slowlf 
reTolving annnlar table. S4 ft. diameter and 6 ft. wide, placed at an ineUnation of 1 in 12 to the 
horizontal. The stuff to be 
dressed is supplied on the 
tipper side of the table b; a 
Sated spreader A, and the 
heavier or richer portion is 
deposited at onoe close to the 
oircnnifcrenoe, while the poorer 
stuff is carried to the inner part 
of the annular table, and the 
waste runs off over the fnner 
edge into the ciranUr troogh 
Bandemeatb. A gentle stream 
of cle»n water supplied at C, 
immediatel]' adjoining the 
nireader A, cI«AnB the rioh ore 
deposited near llie cinam< 
ferenoe of the table, wuhing 
off Into the oentre space aojr 
of the waste that ma; have 
adhered to the table. At the 
lower side of the table jets of 
pore water wash off flrat into a 
reoeptaole D the enter ring of 
rich staff, wliioh extends about 
2 ft. in from the outside ridge, 
and afterwards the inner and 
poorer portion, called craze, 
into a seoond receptacle &. 
The table makes one revolution 
in about three miaataa, and in 
the half revolation from the 
npper to the lower side of the 
table, it is found that staff 
originally containing I| per 
oeot. of tin Die is brought up 

to a« much as IS per cent. ijit. 

The ricbeet staff or wbitt, Ijring 

•t the he«d of tbe flnt strip ot tje D, ii flt to be taken direct to the ealeiner, witbont reqaiiiog 
r^her drcssiiig. 

The next prooese la roasting or caloJntng the partially dreewd tinstnff or whits, for the poipoee 
of getting rid of the anenio, sdphur. and other volatile impuritiesi and aluo to facilitate the sonse- 
queat removal of other foreign materials. Two kioila of calcioera are now in use. The older oDe, 
known as Brunton'aColdaer, consists of a revolving table, aboiiH2 fL diameter, enclosed ia a shallow 
reverberatorj fumaoe : the table is slightly oonieal in shape, its surface sloping downwards from 
the centre to the oircnmfereace. The tiiisluff delivered on the centre of tho table through a hopper 
in the roof of the turnace is expostd to the flame passing through the fumaoe, and is continuously 
stirred by a set of scrapers fixed in the roof wLiUt the table rotates very slowly below them, loaking 
only about six revolatioDS an boor. Theecrapera being set obliquely shift the staff gradually from 
the centre to the oironrnferenoe of tbe table, wWe it (alls off, aad is oolleoted in a ehamber bcmeatli. 




In Fifa. 1780, 17S1, is shown Oxlands and HockJDgfB Caloiaer, which is now adopted at several 
lines, it consists of a long wronght-iron ajlinder A, lined with flrebriok,3ft. inside diameter and 
2 ft. long, pbtoed at an ioclination of 1 in 16 to 1 in 24, aocording to tbe nature of the stuff to be 
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treated, and supported apon rollers, upon which it is made to revolye at a very slow speed of six or 
eight reyolutions an hoar. The tinstnff or whits is supplied into the higher end of the cylinder 
through a hopper fitted with a feeding screw B, and gradually traverses the length of the cylinder 
to the lower end, where it falls iuto a chamber C, from which it is removed for furtLer treatment. 
The heating furnace D opens into the lower end of the cylinder, and the volatilized arsenic and 
sulphur are carried off by a flue E from the upper end ; this flue is extended to a oonsiilerable 
distance, and divided by baffle walls into a succession of ciiambers, in which the arsenic is deposited 
and periodically collected. The time taken fur the stuff to pass through the oalciner is from three 
to six hours. The firebrick lining of the calciner is constructed with four longitudinal ribs pro- 
jecting internally, as in the transverse section, Fig. 1781, and extending two>thinls of the length 
from the lower end. Fig. 1780 ; in the revolution of the calciner these have the effect of continuously 
stirring the stuff and exposing the whole of it to the iieat. In this calciner the stuff being supplied 
at the upper end, farthest from the heating furnace, is exposed first to the lowest heat ; and after- 
wards to a gradually increa^iing heat, as it works its way along to the hotter end of the calciner ; 
by this means the most advantageous effect is obtained from the fuel consumed in the furnace. 
The stuff comes from the calciner in the state of a fine dry powder, which is cooled with water and 
taken again to the huddle ; and the whole of the previous processes of huddling, tossing, and pCM;k- 
ing are again gone through and repeated a number of times, according to the quality of the ore, 
until this is finally in the condition ready for smelting ; and it is then sold as black tin. 

The whole process of dressing the tin ore for smelting occupies usually from eight to ten days, 
including the stamping; and the result obtained is an increase in the proportion of pure oxi>le or 
black tin from 1^ or 2 per cent, in the tinstone raised from the mine, up to 95 per cent, in the 
finally prepared ore that is sold for smelting. As tin dressing is only a process of separating by 
mechanics! precipitation, a very small proportion of saleable produce from the large mass of mineral, 
through which it is disseminated in minute crystals, it is essential that the greatest precautious 
should be taken to prevent any waste of the valuable product For instance, in buddling, the 
oocurrenoe of any gutters or channels, down the sloping surface of the stuff in the buddies, would 
immediately cause the larger and more valuable grains of tin ore that are first deposited at the top 
of the slope, to be carried away with the water and slime. The grains of tin which do pass off with 
the slime, even from the best buddies, are very fine and light ; and notwithstanding all the oaie 
that is taken in dressing the slimes, large quantities of tin ore are washed away from the dressing 
floors of the mines into the numerous streams and rivers of the district. The slimes are consequently 
intercepted at successive works on a stream or river coming from a series of mines, and large quantities 
of tin are collected by treating them in hand frames and concave buddies at a very small expense, 
the stream itself working a small water-wheel which drives the buddies, while the frames are 
attended only by a few children. 

A simple form of self-acting slime frame or rack is that in Figs. 1782, 1783, by means of 
which the attendanoe requisite is so far reduced that one operator is able to attend to twenty 
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frames. The laimder A, bringing the slimes from the buddies, passes between two rows 
of the slime frames, set back to back, and the delivery to each frame is distributed by a fluted 
spreader B, as shown in the plan. Fig. 1784, and then flows uniformly in a gentle stream over the 
surface of the frame, which is at a slope of 1 in 7, and is divided at the middle into two halves by a 
5-in. step ; the waste flows off at the bottom of the frame into the launder G. The stuff deposited 
on the frame is then flushed off at successive intervals of a few minutes each, by a self-acting 
contrivance, consisting of two rocking troughs D D, which are gradually filled with clear water from 
a launder E ; when full they overbalance, and discharge their whole contents suddenly upon the 
top of each half of the frame. The tipping movement of the troughs open at the same time the 
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ooTenof twolKnndvnFF, one «( the foot of each half of thefnune, into which th« itnff depoeKtad 
on tbe ftwne U washed by the disoharge of wkter, the two hklrea bsing kept separate, bef«iiM the 
gn«ter portion of the tin ore !« re- 
tained on tbe upper hair of tbe 
ftune. The rBBdjoatment of the 
whole into the original potition ia 
elated b; ft cstsroat O, of aimple 



The difBcolt; in dealing with 
tne ■limea ariaea tram tbe drcnm- 
stanoe of the gralni of tin ore being 
■0 mtnule compared with the par- 
ticles of foreign matter with which 
tboT are mixed, thnt the; ere car- 
ried away in Bupension by the 
Wftler, In conwqnanM of their ei- 
treme Bbsoloto ligbtnefB, although 
their speciffc gravity ia greater than 
that of the larger particles of 
foreign matter they ate mixed with. 
For tbe pnrpoee of rednoiDg thrae 
larger particles of foreign matter 
to the same liie a« tbe tin grains, 
and thereby enabling the latter to 
be teparated by the ordinary dread- 
ing prooeaaai with water, Beveral 
difTerent nucbinFa called pnlveriiera 
have been intfodneed, hating either 
a Mciprocatiog or a rotary action ; 
these have been found very aiio- 
ccaaful in reducing the particles to 
a unifonn size, and tbue aSbrding 
the meoiu of ntUiting the waete, or 
raogha aa it la called, which waa 
previonaly thrown away because 
the ooat of reducing it by re- 
BtUDpiDg was greater Ihaa the value 
of toe tin ore obtained by aucb a 

Figs. 178* to 1786 are of 
Dingey's pnlveriter. It eonsiata of 
aahallow pan A or6[t. internal dia- 
meter, having vertical sides fitted 
with a series of gratea, through 
which the pulverized material is 
delivered. Fotir annular grinding 
discs or mnoere BB, 2} ft. dia- 
meter and geared togetlier, revolre 
" e bottom of the pan at a 




high speed ( 
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minute ; and tbe pan itself ia made 
to revolve slowly, at about 4 or 
S revolntiooB a minnte, so aa to 
avoid any tendency to wearing in 
grooves. The wearing anrfaoe of 
Ibe bottom of the pan is a separate 
oast-iion plate, with a number of 
holes in it. Figs. 1785, 1786, form- 
ing ah a] low recesses, in which the 
•tuff to be pulveriEcd is retained 
whilst tbe grinding mnners aot 
upon it. The stuff mixed with a 
stream of water is supplied by a 
laonder C into a oential annnlar 
trough D, Fig. 1785, ^m which it 
is delivered by aponts into tbe centre 
of c*oh of the grinding runners ; 
and having been ground by passing 
under the runners, it esospea with 
the water through the gates in the 

ndea of tbe pan Into the external list. 

trough E, whence it ia conveyed 

direct to tbe huddles. The shoea of the grinding rannera as well as the bottom of tbe pan, are 
made aepaiste castings, 1) in. thick, ao as to lie readily replaced when required ; at F, Fig. 1786, 
ia ahoWD a plan of one of the mnner shoes. The apace between tbe grinding faces oF the shoea 
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and the bottom of the pan, is a4jiieted bj the hand regulating serewB and levers G G supporting 
the mnner spiudles. The weight of the whole machine is about i tons, and it will grind from 
15 to 20 tons a day of 24 hours, according to the class of staff. 

Copper ore is raised in the same manner as previously described with re|;ard to tin ore, but it 

1>resents a marked contrast to tin ore in being very much less finely disseminated throughout the 
odestuff with which it is associated ; the coarser spots or natches in which it is met with necessitate 
consequently a very different treatment from that adoptea in dressing tin ore. The most abundant 
ore of copper is copper pyrites, which is a sulphide of copper and iron, containing, when pare, only 
34*6 per cent, of copper, with 30*5 per cent of iron, and 34*9 per cent, of sulphur. The other 
principal ores of copper are the red, black, grey, purple, and green ores. The red and black ores 
are oxides, containing, when pure, 89 and 80 per cent, of copper respeotiTely ; the red, which is 
the more common of the two, is quite brittle, and is easily broken up into a red powder. Grey 
copper ore is a sulphide, containing, when piire, 80 per cent of copper ; it has much the appearance 
of metallic lead, but may be broken up by a hammer. Purple copper ore is a sulphide, but not so 
rich as tbe grey, part of the copper being replaced by iron ; when pure it contains nearly 70 per 
cent, of copper. Green copper ore^ or malachite, is a carbonate, and is much less common than any 
of the others ; it contains, when pure, 57 per cent, of copper. None of these ores of copper are very 
hard, aU being readily scratched with a knife. 

The ore as raised from the mine is tipped into spaces called slides, in quantities averaging from 
5 to 20 Um» in each slide. The larger stones haying been separated, and ragged or broken up into 
smaller pieces by hand hammers, the whole is passed through two revolving riddles of different mesh, 
and then hand-picked and sorted into three qualities — prills, or best; dradge, or second (quality; 
and halTans, or leavings. As much of tlie best as will pass through a riddle of {-in. mesh is taken 
at once to the pile ready for market, and the rest goes to the crushing rolls to be crushed down 
smaller. The second quality has to undergo both crushing and jigging. See p. 2535 of this 
Dictionary. 

An improved form, GoUom's jigger. Figs. 1787, 1788, is in use for washing stream tin, and 
appears to be equally applicable to copper dressing ; it is in extensive use for dressing lead and 
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other minerals in Wales and in America ; like all other jigging machines, it is only available for 
dressing stuff from which the slimes have been previouuy extiacted by a proper separator. The 
jigging action is produced by two pistons G G, fitting loosely in square trunks, and having a very 
sliort vertical stroke of firom } in. to 1 in. ; coarse ore requires the longest stroke. E^h piston is 
struck down alternately by the blows of a rocker H, and raised again by a spiral sprine upon tbe 
piston rod, which brings it up against an adjustable stop J ; the rocker U is actuated by a crank 
making about 120 revolutions a minute. The space under each piston is in communication with 
one of a pair of hutches K K as in the transverse section. Fig. 1787 ; and on the top of each hutch 
is fixed a fine sieve of brass wire, upon which is spread a lading of coarse ore in a layer about 
I in. thick. The stuff to be jigged is supplied through a launder L with a continuous gentle 
current of water, and is deliver^ npon one end of the sieve through a distributing grate M ; the 
sieve is set with a slight fall of about 1 in 140 towards the opposite end. The hutches are kept 
constantly filled with a supply of clear water, under a pressure of 2 ft. head or upwards, by the 
pipe P, and there is a constant overfiow of water from uie lower end of the sieves, oarrving away 
the lighter stuff that is separated by the jigging process. The pulsating action of the pistons 
gives a jerking motion to the water under the sieves, driving it up through them, and producing 



•ettle dovn gradaallj Ibroagh the Bieveiiilo the hutub UiIqw, from whicli it eltlier passes off 
contUinoiul; tliroagli a reflating 
hole at bottom, or U [iii>cbar^<< 
at iuterralB if tlie iupplj of waler 
U acaroe. Id order t» prevent 
arcnmalatioD upou the devee of 
any staff which ma; be too light 
to paaa Ihrougli the bedding ou 
the sieTea, jet too heavy to be 
carried over the lips of the hiitobes 
b; tli« oTsrfloviDg stream of 
vater, raggios gear R is in some 
cases proFideJ, cotuisting^ofa row 
of holes closed b; taper plugs 
fitting inln conical aeatings; the 
height of the pings is aidjusted 
bj thainb screws so as to regulate 
tba sreSi oftlie opeoings auoord- 
ing to the qaaotity of staff lo be 
got rid of, which never amounts 
to much; tbia falls tliroagli into 
» separate compartment H of the 
hutobea, and possea out tbiougb 
» bole at bottom. A second com- 
plelejiggiog maoliine is filed im- 
nedialeij in front of the first and 
at a few inches lower lever, bj 
which tbe orerSow from the first 
is received and worked over a 
second time in a similar luaDner. 
In this jigger a verj complete 
separation of the different quali- 
ties of ore is effected bj an en- 
tireljseir-ai'tingprDcoaH, and with 
a rer; amall proportion of loss in 
the waste. In the use of the jigger 
for separating the tin from Ibe 
giBvel and sand in which it is 
found, almost the whole of tbe 
tin ore contained in the sand, be- 
comes depositeil in the upper pair 
of hutches, tbe oontenta of which 
are then worked over in the pro- 
peller kaife huddle ; from the 
sand deposited in the lower pair 
of lintcbee some inferior ore 
which requires stamping is ex- 
tracted in an onlmor; strip. 

There is a large amount of slime with the tin aaud raised at these works, but it is separaled from 
the sand before tbe stuff passes on to the jiggen, by a slime separator attached lo each jiggel'. 
The Band that passes off through tbe ragging gear requires to be itamped to a finer size, and is 
then washed over again. 

' her of 

if the muchine, between the upright ounvergent jaws of which the 
Bbuue IS crusnDU. 

Tlie jaw shaft is held in place by wrought iron or steel nltunps 0. which serve to take part of 
the strain due (o crushing in the upper part of tbe jaw Hpace, and also act as walls. In tlie 
lower part of the frame, and on »ich side of it, are liolea in the casting to receive tbe main tcnsiiin 
rods which oannect the front and rtai ports of tlie mscliiue. I'be re&r part B is called tbe main 
toggle block, and is also provided with bolea for the tension rods K, corresponding to tliuse in the 
front casting. 

These two parte of the machine are ai)naect«d bj Ibe main steel tension rods B, each provided 
with sorew thread and nuts, by which their lengths and tbe jaw opening are readily adjusted to 
crash ooaree or fine, as may be desired. 

The front and rrar caBtings are supported on parallel timbers, lo the under side of which are 
boiled the bnies carrying tbe main eeeenlric shaft, provided with fiy-wheels aud pulley. The 
timbers are thus maile component parts of the machine, and take the transverse itraio which comes 
upon tlie pitman oonneoling the main shaft aud the toggle joint, placed in the rear of the movabb 
jaw, and between it and the main toggle block. 

Between the broad-fianged baaea of the front and rear castings, and the timbers on wliioh Ihef 
Kat, are plaoed flat rubber coshions ) to I of an inch thick. Every revolution of tbe shad brings 
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the logglM moK neuly tofai line, aodthtam the swlDgjttrforwudi it ti witbdnwn by the rod 
pirnided with rubber iprio^ L. In this way, a short nciprocadng or Tibnloiy tnoreiBeDt ■• eom- 
nanicsled to tlie moTable jaw. 

It U eTident lluU in IliEs conrtmction of the Blske stoue aruho', while the principle of cnuhiiij; 
between apright cooTergent jawa ia the Mme us in the old ""«^*''"", there are many and great 
advaDtages over the old jhrmi. It LaaeclioDaL 

The weight of the heaviest pit:oe in cnuher, >***■ 

aize 15 X 9 in., ii about 2400 lb. initead of 
nearly 8000. The rigidity inocparablo rrom 
macIuDea with cant-iron rraices, aud vhicb ia 
thecanu of frequent btenfaageB, ia completely 
overcome, and the longitudinal m well as 
transTerae straini, are bruUi;btupoDmateriiilB 
which are strong and plaslic aa compared 
with cast iron. The rubber ctuhiona, while 
eOering lufficieotly grvat resisbuice to com- 
preiaion in case of the breaka);e nf itone, or 
in doing the notmal work of the machine, wiU, 
in oase of the accidental intrnmon of aUel 
hammers or anything of that kind, lie com- 
preaaed, and »o peimit the partial leTolutiuii 
of the Sy-«hocl before coining to a fall sUip, 
thni relMTing the toacbioe of those nearly 
inflnile itiain* to wliicb those of the old 
fonn were subjected, and which resulted 

ID breakage of important parts. The toggles are long, and of eqnal length, and may be worn inde* 
finitely at compared with those in the old machine. The ooDstruction of the pitman is anch as to 
admit ot change of Inclination of the toggles, and, consequently, of adjustment of the length of staote 
of the moTBble jaw. The jaw opening can be varied between any working limits, by me&ns of tlw 
□nts on the tension rods, and the macbine be set to crush coatae or fine, as may be desired. The 
crasher, it is stated, can bo mn at a higher rate of speed, with safety, than eith^ of the old forma 
of eruaher with cast-iron frames, and will, consequently, do a greater amoont of work. The manu- 
foctnrers state that while this machine is very much lighter than the old forma, it has at least 
doable their strength. 

Blake's eushioned onisber has been repeatedly subjected to the teat of a steel hammer being 
thrown between its j&ws. when going at as high a late of speed as 300 revolatioDS a minute, without 
ininr* to or breakage of the machine. 

le pulverizing machine made by Jordan and Son, London, Figs. 1790 and 1791, whioh is very ■ 
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entered from opposite sides by two short spindles, each oarrying within the chamber a set of four 
utDs, and each provided at its outer end with a belt pulley. The arms H H on these splndlea extend 
to tlie full diameter of the chamber, and the arms of eacn set have their surfaces sot at an angle 
of 45° with the plane of rotation, so that the opposed sarTacee of the two seta are parallel to each 
other. The two spindles are driven in opposite diiections, and oneof them is provided with a worm 
which drives a short vertical shaft L, this shaft in it* torn being provided with a worm H at ila 
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nppei end, by meani of which it driTG* b ipindle mrenlnK the npper and amallei ohamhei' KbMd j 
nfened to. In this chunber works on sntomatio feeder b; vhich the mpply of materiuk to the 
onuhing chamber is seciired. 

The matflriali to be erushed enter the amihing chamber by the putage E, and are delivered 
through the obannela F F, by means of the onrrent of air which traTerses the cmahing ohamber. 
Thia current of air is prodnoed by the rotation nf the anna H H, the air enttring through openings 
ta the aides near the centre of the ohimber. By opening or closing these aperturcB tlio atrength of 
the onnent can be controlled, and the degree of floeneaa to which the mat«risld are ground bufore 
delivery thna regnlsted. The diecharge current is sufflcienllj strong to carry np the omghed 
materials to a height of from 10 fl. to 20 ft. ocoording to their flneaeea, the height of the delirerr 
ooliunn »lao regnlktiLg the flneneea of the particlea delivered, and different sinw being delivered at 
difibrent levels if required. 

PnlTeriwtioo of ores by attrition of the particles upon themselTes, has been snoceasfiilly carried 
oat in the DMohine devised by Van Buren Bysrson, of New York, Figs. 1792, 1793. The principle 
iavolvsd in th« redaotiai of ores by thia machine is, that the ore partidea are caused, by mechanical 




ports, thereby varying the preasore of 
angles to the plane of velocity. This ii 
with little wear to the machine, as the particles touch do 
part of the mechanism dnriiig their pnlvorization. This 
rotary movement of the ore particles is induced by a 
■ncoeaaion of eddies or reactionary air currents, in oppo- 
sition to the direction in which the pnrticloa at a high 
velodly are moving, theieby causing the particles to be 
rabbed upon each other, and reducing themselves to an 
impalpable powder. 

Boference to Fig. 1792 will show that the machine 
ecim]HiBee three eircnlsr metallic cases a, each nboat 
B ft 9 b, in diameter, discharging into one another tlinmgh 
the pipes b at either side of each case. 

Within each case is a revolving disc of gnn-metal c, 
having at its outer periphery the fonr beaters d, the npper 
and front faces of wtiich are of the full width of the space between the inner sides of the case, the 
diao being of a thickness to secure strength and solidity. The outer fkoe of each heater d ia 
ratctiet dressed, while the radial face is smooth. These dressings extend across the full width of 
the beatera, and are of uniform depth. The inner periphery of the cose a is provided with a 
stationary ring of steel e, which is dreascd in the same manner as the outer faoes of the beaten. 
Thia constractioB will more readily appesj in Fig. 1793. The distance, therefore, between the 
onter faces of the beaters and the inner periphery of the case, varies aiteruatetj from three-quarters 
of an inch to an iooh end a hslf, from the apei to the base of each two notches of the dressings, 
when directly opposite eooh other. 

When the disc c Is revolved at a high rate of qieed, causing a rotation of the central body of air 
in the oose, it produces a reactionnrv etieot upon Uie belt of air, lying between the path of revolution 
of the upper tactile of the beaters and the dressed sarfooe of the inner periphery of the aam. The 
Qse of the ratchet dressing on the inner periphery will now be understood. It is not intended for 
grinding ; but its parpose is to present a succession of abrupt surfaces, radial to the circle in which 
the belt of air revolves, which serve, ty the impingement of this belt of air upon them, to break it 
up into whirlpools and eddies. These eddies of air, while each revolves upon its own axis, have also 
a path of revolution about a fixed centre. This pecaliar action of the compressed air is shown 
clearly In Fig. 1793, where the scrolled line represents the eddying character and direction of the 
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the iniUol tlie crashed ore enten the marhiae, It files outward in radiiil linn tovftrd Iheperipherj 
of the cue. Bad ia there caught up b]r the levoliing belt of nir-eddiea, and e&eh particle of ore is Iben 
TspidI; reduced to powder li; tbe violcot Bttritiou of the porlic!es upon «ch other. The polveriiad 
ore ii discharged at right angles to the plane of voloclt; throogh the port-holea g, and foiwud into 
the next machine, where tbe pertiples are stilt further reduced. 

The siie nt the ^granulations will dppcod upon the length of time that the ore-pattides are 
retained within tbe case. The port-holes g are covered with the slide h, in which ore port-hulea of 
■ like BLie and nmnber. so that when this slide is moved backward or forward, tbe diacbsrge of ail 
is leiwened or increased, and it slmplj rests with the discretion of the man in charge of tlia 
loachine to regulate the size of the granulations of the powdered material. This feature of the 
iDBOhino is absolutclj Tieces&arj, as it ma; often occur that the ore to be pnlverizad will be of 
varying degrees of hardness. 

Tbu itepoiid revolving disc moves vrith a greater velocity than the first, and the third wiUi a 
greater velocity than tlio second. Thus there is the combined pressure from (he Ant oaae, and 
■nctiou from tlie one into whiidi the material is discharged. Tbe powdered material come* from the 
machine ptrfectly coul. 

The various metallurgical processes for the working of silver and gold arm depend upon baving 
some other metal, generally mercury, lead, or ooppet, as an intermediate piodnet, in wbiob the 
prccioun metals can be ooneentrat^d. 

'""' "rocessee, such a* Van Patert'" 

is only applicable lo gold oi . , ... . .. _ , 

very finely cruslied, and they generally oome as an accessory product from the amalgamatioa 
prociits. To be carried out cheaply the work should be done on a very lar^e scale. Although sno- 
ceesful in a metallurgical way, the chlorination ptocess is often not sucoefiaful financially, owing to 
tlie impoHHibilily of getting a sufficient supply of ore at all times. Up to this time (l)j79) it haa 
only bettn applied to the ooncvntrates from gold mills. It cannot generally be used for the ctmceo- 
trates of silver mills, because nil the silver contained in them would be lost. 

Tbe proccsHts in use in the United Slates for the extraction of silver are; pao amalgamation, lead 
fusion,andrusioDwith copper ores. Tbe first is applicable to ores containing very few base metals, the 
■eonnd looreBOccurringlu galena, where the galena is in excess, and can be had in quantities; the 
tliird is applicable to ores carrying copper, which usually contain coasiderable gold at tbe same time. 

The general arrangement of the mills is the same, exception being made of tbe presenoe or 
absence of roasting. When roosting is done, the oreisraiuhed dry ; when it is not, it is crushed wet. 

About 25 to 30 per cent, of the Comstook ores is gold, the test is silver; bat in the bollion 
pnxluccd the pruportion is somewhat higher, as the gold is more completely saved than the silver. 
As a generul thing, the richest ores are treated by dry omahing and roasting, ajid the poorer ores 
arc crashed wet and directly triated by amalgamation, which is the Washoe ptocess. 

Tbe ore Is delivered to rook hrrakers pUced at the highest level of tbe miU. Below the rock 
breakers, between them and the batteries, the drying fioor in dry orushing is placed. This floor is 
maile of cast-iron nlales, 90 In. by 42 in., 

flunged on the sides, so that the plates ' 

way overlap and still give ao even floor. 
A fluu from the roasting furnace runs 
backwards nnd fnrwnrds uitder this floor, 
the partition walls of which serve as sup- 
ports for tho plates. Tliis Boor is p!aced 
uireeity behind ttie slaoips, and thu ore 
is spread over it until dry, when it is 
charged by hand or automatically into the 
stamps, which are on the same level. 
Below tbe discharge level of the stamp, 
tho roosting appamtaa, if tbo ore is to be 
roasted, is placed in such a position that 
the ore from the atunips can be dis- 
charged into them, or be carried by a 
screw oonreyer or an endless chain to an 
elevator which discharges into hoppers 
containing a charge for tbe fumace. when 
tbe ore is to be rousted or chloridizfd, or 
both. The supply of ore u cut off from 
the fumace automatically, when tbe 

hoppers are full. Tbe speed of the 1 

elevator feeding tbe pulp into tiie hoppers 1 

la regulated by two sets of cone pulleys, 
and may be made to vary from 40 to 300 

revolntiocts a minute. In front of the j 

funiace tliere is a brick or iron cooling 
floor, where the ore remains until it is 
ouol enough to be charged into the pens. 
On a still lower level nre the pans and 
catch-pits, if the mill is wet crushing, 

and lower stdl the settlers. Tho power for the mill is generally steam, snmetimea water, and 
sometimes both togetlier. It is oommunicated to tbe various parts of tbe mill by shafts above and 
underneath the floors. Each kind of machinery has its own independent line of ahaRing. The 
power is always transmitted by belting. The power required to drive the pao is ftom three to six 
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hofM'POwer, kccoiding to its capaoltr. Tbe power reqaiied to onuh and amalgamate one ton oT 
ore will Tary Item three to Ave hone-potver. 

Tbe prooen of amalgamation is the same, the barrel piocen haviag almost eiitirely disappeared. 
The procen of <iiuhiiiK ia geneiallf the same, and ooiwuta in the usa of leTolving etampe, the 
onuhiDK being either dry or wet according to cirennwljuicea. SitTsr ores, whiob ctm be amcilga- 
toaled directly, are generally cnisbed dry. The reneral outline of oroabing ia, flnt, to ledaoe tbe 
rock in a croaher to a eertaio sin. It ia then fed nnder atamp«, and the slimes afterwarda con- 
Teyed to the pans. 

Tbe Horn pan, F 
Is eompoaed of a flat ... 
tn n is made by the two bollowB fonned by the projectioDS neoessary for the aooketa of the die e. 
The shoes vai dice bib fastened in the same way as in tbe Wheeler pan. The mnller a Is not, how- 
evar, fastened to tbe driver, bnt is caught lu groores, bo that it moves only wtien the driver ia 
tnmed in one direction, lo the other it is loose. Tbe height of the shoes and dies ia r^^lated by 
two handwhaela at the top of tbe sbafl g. Oo the cirenmference of tbe inaide of the paD, there Ja 
a groove into which a scraper W ia introduced, as in Fig. 1791. A scraper X' is also attached b> 
tbe inifde of the mnller, fitting into a similar groove there. The shape of the wiogs ia different 
from that of the Wheeler pan. A yoke « p, whieh carries tbe bearings for the vertical and horizontal 
abafta and tbe gear wheel t, is attached to the bottom of the pan. This yoke and tbe scrapers 
are the peculiarities of this arrangement. 

The Fatten pan. Fig, 1795, is a combination of the Wheeler and Horn pans. The steam bottom 
h is fastened in the same way, bnt is not exactly like that of tbe Horn pan. The ndea A are of 
wood supported by a Bange, whieh is nearly as high as the mtiller t, in order to prevent tbe loss of 



Diercnry, and is a much belter disposition than that adopted in the Wheeler pan. It has the same 
wings Bs in the Horn pan, bnt nosoraperB. Tbebe«ringB up for the gear wheels 1 1 and boriiontal 
^n are set on s beam underneath. 

Tbe Combination pan. Fig. 1796, is a combination of tbe Wheeler and Fatten pans, with a 
namber of improvements on both. Its mpecity is I.** tona in 21 hours. The cast-iron ring a on the 
inside is oarried macb higher, and is nude so that it can be removed when necessary. The sides h 
of the pan are of wood. From the top of the iron rim, about G in. of tbe sides id Uned with j-iu. 
copper plates, and tlie wings i / liave also copper plates, Itj in. wide at the bottom, Siod 10 io, at the 
top, bolted to them. This is done to help the unalgamation, wbieli is always Bner on the copper 
than on the iron. Some of the chief advantages of this pan are tbat tbe muller e is loose from the 
mnller stem g, and that both the mnllei and the slioea d fit into slots. The revolution of the mnller 
keeps them in place, but with a bar they can be easily forced out when necessary. The mulltr ia fixed 
in tne stem by means of a key /in tbe screw thread; by taking out the key und turning the mailer 



Btmvaton'a pan, Figt. 1797, 1798, does not poMMi some of the meobuiiixl kdnntagta of the Oom- 
binKtion pan, lutd lisi lesi Krindiag Biirfoc«, tiiougli (ho dUtribntion nf the pulp IhroaRhoDtths pan 
ii more perfect thui ahj otW, on acoount of the four double onrved mould boards u, which are 




' nndei the mnller, uid » 
amount of grinding. As the mnllara are 
nearer the centre of tlie pan, leas poirer ia 
required to do the grinding than in outer pans 

of the Eome capacity. The moulds raise the 
pulp regalarly without Tiolence. and admit 
of a larger charge in the pan. It haa a 
ateam bottom like the other pane, and the snapenaiun ii tlie «ame aa in tbe Horn and Patton 
pans. The nnller g is attached to the driTer d, which is kejei npon t)ie Bbafl b; four !egi e, lo 
that the epe«e botween tbem and the cone ia entire]; free. It has ail alioea i, which weigh 100 lb. 
each, and eight diet k, which weigh 65 lb. each. Tbe arrangemeuta for driving the pan are 
the same ai in the othen ; it baa a capacitj of 3500 lb. of pulp. Ila total weight ia G.'iOO lb. 

Tbe foregoing porticulala are taken from an excellent Beriee of orticlea npon Amalgamation by 
Dr. T. Eglestou wliich appeared in tbe pages of 'Engineering' in 1679. The lubjivt has alao 
twen already treated at length in tbe artidea Amatgamattou Pan, Battery, Orea, and Bilker, in thta 

The meet ordinary oonatmatioD for modem piers consists of circular hollow cast-iron screw 
piles, supporting cest-iron bollow cylindrical columns, braced diagonally or otberwiae by wrought- 
iron bracing, in compttasion or in tension; these, in turn, Hnstaining a timber BUpcrstrurtiire. 
There ate, lu^worer, vhHods other descriptions wliirh are frequently employed. It is not nnusnal 
to meet with a combinHtinn of various diderent materials in tbe same work. For instaoae, a pier, 
the body of which is of the ordinary mat-iron construction of screw piles and columns, may carry a 
timber bead ; or a timber body may be supplied, either at flrst, or, as is frequently the case, at 
a subsequent period, with an iron bead ; and this, again, may be either cast or wronght. 

In Figs. 1799 to 1801 the oast-iron construction ordinarily applied is illustrated, tlie example 
given being the pier at Westward Hot The dMilc of tbe pier is here 16 ft. in width, and is 
compoiiod of opFn 9- in. planking, 2J in. thick, running longitudinally, and spiked down to truiB- 
'Dists, II in. by 2} in., pkced S ft. apart. Tboso joists are supported upon two parallel 
y 12<in, balks, extending t)irougbont the body of the pier, at a distance apirt of 13 ft. f^m 
centre vi centre. In lit'u of a miliDg on either side, seat standards are supplied, fitted with limber 
eeuts, and forming sitting ncoommodatiun tlirouglioot the entire length of the work. Tbe^ are of 
cast iron, placed 5 ft. apart, one upoa eaeh joist at each end, and the bnck of tbe standard is filled 
in witli four rails, tbe upper one [H.'ing formed of 2-in. wrongbt-irou tubing, and the lower ones of 
ordioary 1-in. round bnis. 

Tlio body of the pier is subdivided lengthwise into bays of 31} fV, tbe longitudinal balks 
supporting tbi! deck, resting at either end upon timber oorbels, 10 ft. in length snd c^ simiiar soant- 
ling to the former. Beneatli the centre of these corbels the load is taken by a cest-iron spreading 
btackot, tbe loner flange of wbicb is firmly bolted (o the upper end of the cast-iron column. These 
columns teimiiiate in cast-iron wrew pile* entering the ground, each pair oF onlnmns loolinlng 
Inwards at tbe top. and being held in plftoe in an upright position by a horizontal 4-iQ. T ^''^ 
extending erros tne stmctnres above, and anotber einiilarly below, the whole pier being idso 
diagonally bracfd by adjustable l}-in. wronght-iron rods, bearing at either extremity a right or 
teft-honded screw for adjustment, and bolted together, in addition, at tbe point of croasing. Tlie 
longitudinal 30-ft, balks are doubly tmaied by IJ-io. wrought bar*, one on each tide ; and where 



verso joist- 
12-in. by l: 
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the fidl of the foreehore neoessitateB a stronger form for the Bupports in the deeper water, neste of 
four pilee are substitoted for pairs of oolumns, these being braced qnadraplj, and carried out in a 
second set below the first, if required. 

Dixon's cast-iron piles are shown at Fig. 1803, and ara designed for the porpose of driving in 
foreshores, where the ordinary sorow or dnven timber piles wonld be otherwise employed.* They 



1799. 





aro nsoally of abont 8 in. internal diameter, and 1 in. thickness of metal, oast In the form of a hollow 
cylinder, with foor projecting ribs running the entiro length of the piles, the external diameter 
oTor the flanges being 14 in. The principal objection to driving cast-iron piles is the liabili^ 
of the material to fracturo under concussion, and this Dixon avoids by the emplovment of a wooden 
dolly above the head of the pile. This is turned to fit the interior, and shouldered so as to rest 
upon the socket, a ring of indiarubber, or some other yielding compressible substance, being inserted 
between this shoulder and the iron, to deaden the concussion. By this means it is found that 
these piles may be safely and successfully driven to a great depth. 

Fig. 1804 is a section oF a circular column such as is commonly used in combination with a screw 
pile. It is introduced here for the sake of comparison ; its diameter is externally 9 in., with a 
thickness of { in.» these dimensions being varied according to ciroumstanoee. 

Dowson's wrought-iron columns are formed from plates rolled to the form Fig. 1 802, and riveted 
together in sets of four, in order to obtain the required ciroular form. Singly, these rolled plates 
are frequently employed for the covering of bridges and other similar works, in oases where it may 
be an especial object to economize headway, being laid side by side as at Fig. 1805. For combina- 
tion it will be seen that these plates form a good and rigid piece of work. Dowson's piles are 
usually of an internal diameter of 8} in. The thickness of the plates from which they are rolled is 
I in. or thereabouts, and the thickness of each plate, laid fiat, is from 1} to 1{ in. 

Fig. 1806 is a section of one of the columns which are frequently constructed from a pair 
of Barlow rails. These are riveted together, back to back, in convenient lengths, forming a 
column of 14 in. diameter. These rails are now seldom employed for permanent way, and conso* 
quently tiiey may readily be procured at a moderate cost for pier work. 

Fig. 1808 shows a section of a wrought-iron column, invented by J. W. Wilson, employed for the 
construction of the pier at Westward Ho ! These columns were formed of two side plates of 
wrought iron 1 in. thick, connected by two intervening 7-in. ohannel irons, one having the channel 
facing outwards, the other facing inwards. The plates and channels are connected by plain 
and countersunk rivets ; by this means a rigid 9-in. upright was formed. The external ohiuonel 
iron, in this case, is well adapted for the reception of the requisite rubbing timbers necessary at the 
head of a pier. The ends of these columns are bent over outwards on all four sides, and finished 
so as to form a circular flange, which may be readily connected with oorresponding flooges on the 
piles below or the structure above. 
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The piles, Fig. 1807, are those which were employed in connection with the columns just 
describeo. Thev were of cast iron and hollow in section, of an external diameter of 9 in. imme- 
diately below toe npper flange, and increased gradually in diameter to 11) in. at the lower 
extremity; the total length was variable, according to the section of the foreshore^ and the 
distance of the pile in the rock was 8 ft. 6 in. 
The m§tal of the pile in the upper part was 
1) in. in thickness, and this gradually in- 
creased until, at a point 6 in. below the sur- 
face of the rock in which it was sunk, the 
thickness of metal was 4 in. on either side. 
From this point the contracted opening in the 
centre of the pile gradually expanded, the 
metal being rekluced to 1 in. in thickness at the 
lower extremity. By this means a pile was 
obtained of sufficient rigidity for the wrought- 
iron superstructure, and one which was free 
from the objections to wrought-iron piles. The 
holes sunk in the rock for the reception of 
these piles were of 13 in. diameter, and they 
were sunk parallel downwards, the surround- 
ing space oeing filled with cement, giving 
a perfectly solid foundation to the supentruc- 
ture. The piles were also filled up to the 
ground line internally with cement concrete. 
The body piles of this pier were of similar con- 
struction to the head piles, the flange at the 
top being replaced by an ordinary octagonal 
socket, for the reception of a cast-iron column. 
A plan, due to Bmnlees, is frequently adopted 
for the purpose of obviating the screwing of 
piles, in foreshores in which sand is the 
principal ing^redient. The piles in (question 
are of cast iron and of ordinary diameter, 
having the base extended considerably to afford 
sufficient support for the superstructure, and 
finishing at the lower extremity in a greatly 
contracted opening of from 2 in. to 3 in. dia- 
meter. This enlai^ed base bears toothed edges, 
in order to pass freely any interposing layer of 
hardened mud, or clay, or other obstacle. A 
tube of iron passes aown the centre of the 
hoUow pile or column, of such a diameter as to fit the small opening below in the disc base, beyond 
which it extends for a short distance. The upper end of this tube is placed in connection with a 
pliable hose, by which means communication is established with some convenient pumping power, 
and the whole apparatus is supported aa found most convenient, according to circumstances. On 
pumping being commenced with the pile in position, the sand is disturbed or blown up on all sides 
Dy the downward force of the constant stream supplied, and the pile rapidly descends, and a constant 
reciprocation supplied at the same time by external contrivance, prevents clogging and aids the 
descent. 
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The pumping is suspended as soon as the necessary depth is considered to be reached, and the 
tube being extracted from the interior, the disturbed sand immediotely surrounding the pile 
grsdually settles down and becomes quite solid. Piles may be sunk by this means to a depth of 
17 ft. or 18 ft. in from twenty to thirty minutes. 

This process may be equally well carried on upon the foreshore itself, or from a raft; and is 
claimed as being the only one by which such depths are reached with piles containing such a 
minimum quantity of metal. 



LocaliUei ue froqaectl; met with wtiere the ustare of the aitoation, the eioeMire rise and full 
of the tid?, the exposed poeitioD of the ■tracture. or loiiie other reoBooB neceuilata the elsTttioa of 
the deck to s greater height thno ia ordituuilj the case. Id such instaacea it ia naiial to emploj 




Tliere la a riae and bll of tide here of nearlj 16 fl^ and 
wrought iron may be called the eiolnaiTe mati^rial of which 
the votk ia coiialrocted, there bein^ eonaidarablj Icea than 

upwards of 360 b 

all. The main D&rt of thia atroctnre ia fonned bj two 

wroDght girdera formed of plate work, and eiteadiDg in two 

parallel linea oootitiaonaly throughout the work; and the 

pier ia diviJed into eight beja of 100 ft each, being supplied ibos. 

with a T head 42 ft. broad and 50 ft loDg. The depth of 

tbeae giidera is 3 ft. 6 in. The colnmns employed were those mentioned preriooslj as beioE formed 

fromoombined pkirs of Barlow ruils rireted tugetber, and extended above the ground to a height of 

no leaa thao 65 ft. They were connected with the shore, which coDsiati of hard limestone covered 

with mud in a mcriat state, idterspeiaed with loose rocky blocks, by means of a solid wrought-iron 

bar extending in a downward direction as far aa the aolid rock, a distance of sometimes 14 ft. or 

]6ft. The barbed at its extremity a east-iron acrew of upwards of 2 ft. diameter. Thna, in thia 



work the total length over all, of pile and column, reached in i 



le inBtaocee aa mnoh aa 60 ft. The 



IM*. 




stabilltj of tlie almctare is further inoreaaed by the rails forming the columns being eonvetgent, 
and being bent over at the top in either direction, by which means is fonned an aroh of great 
rigidity. The total length of Cleveland pier over all in 842 [t., and the breadth of the body 20 fL 
At low-water spring tides the depth of water at the head ia 6 ft. The Weatwaid Ho 1 pier to which 
ret^noe has already been made waa constmctcd by J. Wilson, and rana out seawarda from the shore 
in Bidefoid Bay, extending in a northerly directum. The foreshore below the cliff, which i« 





Duriit Irregular nirhee, the upper one eipeoiall j being inkmeoted b; deep gnlliei mnninff in Tuiona 
dJreotioDi. The aluile ii mooh bafdened on tbe upper oi expoard ■urfkoe. These two plateanx tn 
coTeied with Ivge obkmg fliot and other bonldera, Tarring ia ein bom 6 id. to 3 ft to 8 ft, diameter. 
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The pier is erected npon caBt-iron colomns, with the exoeption of the head, where the greater 
depth of water neoeasitated the use of the wrooght-iron colamna, Fig. 1808. In all oaaea both de- 
acriptiona of colamna are placed npon caat-iron cylindrical pilea^ Fig. 1807. The holea reqaired to 
reoeiye theae were sank in the rock by jamping, where practicable, but otherwise, the plan 
adopted for sinking the piles in the foreshore nnder water, is that shown by Fig. 1809. The piles 
were of lengths varying from 12 ft. to 15fl., as required by the formation of the gronnd and the 
arrangement of the saperstructnre, and they were of 11 in. external diameter. The holes in the 
rook to receive them were 12 in. diameter. The depth of water over the holes varied from 6 ft. at 
low water to upwards of 30 ft. at high water. An outrigger was constructed of timber to project 
85 ft. beyond the present end of the pier; this outrigger being supported at the extreme end by 
spars shod with iron, resting npon the rock in which the holes had to be worked. An iron 
cylinder 8 ft long and 14 in. internal diameter, made in halves and jointed, the joint being parallel 
to the length, was lowered on each side of the outrigger, and kept in an upright position by being 
firmly secured to the spars. The position of the outrieger, spars, and cylinders was arranged so 
that the cylinders stood on the rock exactly over the side of the required hole. The heavy jumper, 
which worked through two cylinders, Fig. 1809, was a four-winged tool with a 6-in. leading point, the 
abaft being round and of 8 in. diameter ; the total length 4 ft 6 in. The jumper was further con- 
nected to upright rods of 2 in. round iron, screwed together in lengths. The top of the jumper rod 
was fastened to a shackle and chain which led over a pulley, placed upon the framework erected on 
the outrigger, exactly over the centre of the hole. A strong rope was taken from this chain through 
guide pulleys to a winch barrel, which was driven by a portable steam eogine on the deck of the 
pier. Two men were stationed at a, with the ends of tlie ropes wiiich were to lift the inmper coiletl 
twice round the winch barrel. By hauling on the free end until the jumper rope had been drawn 
in 3 or 4 ft, and then suddenly surging or letting go, and steailily repeating the process, a constant 
rise and fall of the jumper was easil3r maintained through the cylinder on to the rock. An arrange- 
ment of bevel gear at the top of tlie jumper rods, enabled them to be slightly revolved from time to 
time nt each occasion of the rising of the jumper. 

. When the jumper had euterea to the required depth, and the hole was consequently complete, 
the tool was withdrawn and a pile lowered without difficulty into its place. The attendant diver 
then, through doorways made to open through the lower part of the cylinder, secured the pile in 
position, by means of the customary wrou^ht-iron wedges and concrete. After the columns and 
orackets had been built on the piles, the joint rod of the cylinders was withdrawn ; the cylinders 
then parted in halves, and were easily removed, to be employed again in a similar operation. 

The effect of the bottom scour of the ground sea was often to fill up the hole with gravel, 
slough, and small pebbles, even faster than the jumper worked down ; so that often a hole which 
was, say, 2 ft deep in the morning would, after a day's steady work, be only 1 ft deep in the 
evening, and, if jumping were suspended for two or three hours, would be entirely filled up. 

The plan at last invariably adopted was, after starting a hole, not to stop day or night until it 
was completed. 

Figs. 1810 to 1823 are of a floating pier and approach, designed by Robinson and Janson to suit 
the rise and fall of the tide, so as to allow at all times the easy and uninterrupted flow of traffic 
The stage itself has no unusual feature about it. It consisto of a platform resting on longitudinal 
wrought-iron girders, supported b^ wrouglit-iron pontoons, any one of which can be removed and 
repaired, or replaced by another, without in any way interfering with the traffic or the safety of the 
stage, and retained in position by mooring chains in the onlinary way. The longitudinal girders 
are of such a section and strength, as to secure a mean of the rise and fall of the innumerable small 
waves which attack the pontoons, and at the same time to l(*ave to the stage such a degree 
of pliancy as in rough weather would allow it to partake of the wave motion of the water to 
relatively a small degree, and thus avoid unnecessary expense in the stiffness of the girders, or the 
danger that would follow from the stage being sometimes supported on the crests of a few waves at 
great distences apart 

One half of the stage is devoted to passenger traffic, and the other half to merchandise. The 
connection with the shore is by means of a floating bridge 420 ft. long and 33 ft. broad, divided 
in two by a handrail down the middle ; so that passengers are kept to one side of it and goods to 
the other, as Figs. 1810, 1816. The bridge rises and falls with the tide, and consists of six 70-ft 
lengths, joined together by universal lointe, Figs, 1817 to 1823. Each length of 70 ft is carried 
on two wrought-iron plate girders and a centre box girder, which are borne by two wrought-iron 
pontoons at each end of the span, moored in the same manner as the stage. At low water 
these pontoons settle down on gridirons, constructed uf timber and screw piles, and at a gradient 
of 1 in 15 ; so that at the extreme low water the whole length of the roadway of Uie bridge will 
be at an inclination of 1 in 15. As the tide rises, part of it will be at this angle and part level. 
When the water rises to ito extreme height of 32 ft, the first span from the shore will be in 
the position shown. All the gridirons are surrounded by paling supported by the outeide piles, 
whicn are carried 5 ft 3 in. above the level of the fioor of the gridirops, as in tlie cross-section. 
Fig. 1821. This paling is for the purpose of acting as a breakwater, so that the pontoons may 
settle on their beds in calm water and without any concussion. Fig. 1813 is an elevation of 
the bridge and end view of the stavre, showing how the bridge is constructed and carried by 
the pontoons ; Fig. 1820 is a plan of the bridge for passengers and merchandise, and of the offices 
on stage and shore. Fig. 181G is a plan of the gridirons of the same, and Fig. 1821 a cross-section 
through the bridge and one of the pontoons resting on its gridiron, also a view of the girders of the 
bridge. Figs. 1814, 1815, deteils of the attachment to the shore. 

The whole of the wrought iron used for the work to which this design refers must be capable of 
bearing a tensile strain of at least 22 tons a sq. in. of section, without breaking ; or of 16 tons a 
■q. in. with a permanent extension in length of not more than one sixty-foorth of an inch a foot 

See Bridob. Pile Drives. 
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PILE DRIVEB. 

On the (UDtinent of Europe manj eoonomtcal Btid eflectivo plaiu of driving pile* hftve beea 
deyised, and BmonsBt these na Brranfcement of ateam pile-driven bj which sevenLl may be worked 
bj one engine. The apuratiu to the left of Fig. 1824 ooDBiaU nf thtee p«rtB, a etenm engine, wtifch 
may be of any portable lorm ; an arrangement of grooved pulleys mounted on a wood frame, and 
tenoed k diBtributor, which ia driven b; the engine, and Izom which the asveral pile driven are 



worked; and the pile drivera. All these may be placed in mch varied podtioiu aa the eircam- 
BtBDcea of practice may dictate, at they are not connected except by the working and hauling rop««. 
Three pile drivera, worked Atim a distributor driven by one engine, were nsed for driving the 
Dresden Bridge piles. All or either of the pile drivers maybe worked from this distribn tor at one 
time, or some may work while other* nre being ahifted for driving other piles. This apparatus 
consists of a simple wood fmnio carrving a maLu shaft, vrocked by a strap from the engine. This 
same shaft carries thrre d noble- gmovea pulleys d, over which raa the ropes for driving the rope- 
winding barrels of the pile drivers. These pulleys are loose DO the abaft, and all or any of them may bft 
put into gear or fixed by means of clntohes moved by levers. 

On the rear of the fnune rails are Bzed ^ipon sii beams, carrying small carria^ce* mpportlDf; 
donble-groovei) loose palleys, similar to d, and over the two sets of pn leys the pile driver Ripes tau 
a doable turn, so that by means of weights saspcnded on chains, the carriages form a slaok lope 
gear, by means of which the driving ropee are kept tight, during any small changes in the distance 
between the distribatOT and the pile ilrlver. Tlie driving ropes being double between the pulleys 
OH tike distributor, and single between them and the pile driver, a given moment in the oarriagea 
allows of twice that movement between the distributor and pile driver witbont stopping the 
apparatDB. As the pile driven are seldom opp-'sito the pulleys d. gniding rollers are necessary, 
each double pair of tlieae being mounted on vertical epindlea, capable of a cerlain amount of motion 
in a vertical plaqe, and contnilleil by screws. By this arrangement the ropes are kept in the plane 
of the gmove<l palleys d, and norm^ to the rollers, whatever their inclination beyond these. 

The pile driver in general oonstmction is similar to that in ordinary usa, no other prf'paratinn 
bving needed than a pair of timbers to receive the winding-gear fmme. A eylindrical guide 
replaces the ordinary guides fur the monkey, and besides being very simple, admits of working the 
latter below the level of driver. Figs. 1627, 1828 illustrate the winding gear by which the mon^y 
Is lifted. It consists of a wooden frame carrying double gear, by which tliespoed of the lifting rope 
is reduced to ^ that of I be distribn lor rope. On the shaft v, squared on the ends to receive handles, 
is fixed a grooved pulley P, over which runs the driving rope from the distributor. This pulley 
may be sbiftud to the positions p" on the shafts c and K," thus providing for changes in the relative 
positions of distrihntor and pile driver. The winding dmm c, loose upon the shaft t, is driven by 
the spur wheel u, between the side of which and the drum is a disc of wood/, forming a friction 
clutch tlirown in Or out of geui by a quarter Inm oF the screw ■ and the lever e. To facilitate the 
removal of the pile driver, email rollera, carried in forked screwed etema. Fig. 1831, are fixed under 
taoh oorner of the fraliiing. The monkey employed weighed 1100 lb., the moat effective mean frjl 
bt'ing nbout 8 ft. 2} in. The velocity of elevatiun of the monkey was 82 ft. a minute, to that the 
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k done in liftiiiK iti or the « 



tbe three. The engine emplojrod nude 120 rcTolntioni n minute, nnd was 7 '92 nominal horee-power. 
It may be hero notud that as all three of the monkey* would very «pldom be lining at one time, the 
hone-power actually required woold be ooniidenkbly leaa than that neoeaiu; for each maohiue, 



multiplied by the number of the latter. The work for driving the pilee for the three oaiMoni of the 
' flrBt pier for the bridge at Dreiden, where an urangemGnt nich bb tbii wa« emplored, oommenoed 
on the 27tb of Angiut, and terminated on the 2nd of September, 1875, alter liity^x honn' work, 
iDolodlng the time occupied in mooring and fixing the plant. 
The work exeonted la detailed in Table 1 ;— 

Tablb I.— Piua DuTBN. 





niM. 




LMtUi. 


Qnund. 


ToW 


OTPllM 

IsOrwDd 


Toul 






70 
21 
15 


(nth™. 

11-81 
9-84 
7-87 


fcrl. 

29-52 
29-52 
23-0 


6!)2-50 
89-50 
59-00 


fnt. 
740'-'60 


450-0 
47-3 
26-8 


524- 1 





Fig. IB32 U H diagram Bhowing the rate of deacent of the pile*. The abKitas lepr^Mnt tbe 
time 2 nun. to the mioate, tbe ordlnatea a deeoent of 50 mre. to the meter. 

The earth into which the pile* were driven oouiiati at the ntrfooe of compact gravel with large 
imbedded etonee, and about a yard briow the mrfaoe baaalt and porphyry txnilders of ooncidetabie 
■iie. TbcOT are (bown in Fig. 1826, which will be hereanfT referrfd to. Tbe piles were ibod with 
fonr4iBneh wrangbt-iron ahoce. Pig. 1625, which weighed about 26-4 lb.; few of them eameoff^ 
md Mine were broken in driving. 

In Fig. 1826 at 1 la a nonnal pile, 2 one driven by hand, Sateam-driTeD, 4 and 5 powder-driven. 

The appsntai deeoribed was employed In tbe oonstruotion of quayg on the Elbe at DresdeD- 
Alttdat, with the foUowing reaolta, the pile* drivea forming an enclosnre with itiwght linea 
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nnmectedbjinuTeaof loiiKraidiiu. It vu formed with 459 maia pile* from 18ft. ll- in. to 16 (L Sin. 
in Ien$;th, &nd about 7 - 5 id. •qnara ; Mid 16S1 Intenueditte pilei of « meui length of about IS fL, 
»Dd 9-84 b; 275 in. ia MotioQ. Tlis prlndiMl pilea were drtveu torn S ft. to abont 7 ft. iato tbo 
gioand. aod tbe intermediaj? or aheetiDK pilsi to about 3 fL 11 in. The material driTen into van 
•boat the same as that alrMdj deaoribed. The total quanti^ of pilaa driTon into the ground 
amotmted altogether to about 268S onbia feet The work waa done bv aimilar alaff to that deaoribed 
aboie, and lasted thlr^-tiro dafa of ten honra, oi 320 hour* for Meven men. Tbe work done io 
oabio feet diivea waa; — 

BridgB, woA aahoor ..- —I'lSaubiatt. 

QoAja, wotk u hour ■ = 8-1 cubic fL 

Tbe nonkey uaed tor thti aheet piling weighed about 900 lb., and the arerage fall waa nearly 10 fL 
Altogether about 120,000 blawa were (truck. This aveiaged forty-four blows a cubic foot of pile 
buried. The monkey waa lifted at a Tdooity of 6S'6 ft. a minute, the work of each pile driver 
beingtbus: 65-6x900 = 39,040 
Ibot pounds, or 1 ' 6 horae-power, 
or S'4 hoTae-power lor the three 
pile driTsra. The engine em- 
ployed had a cylinder 10-2S in. 
in diameter, with a atroke of 
15-75 in. The stfam used was 
•t a preMnre of three atmo- 
apberea cat off at cue-third. It 
ii remarked that by bBviDK three 
pile drivers arrauged and suit- 
ably fixed to one pontoon of con- 
siderable siie, each pile djLTer 
is much steadier, and the work 
can be better done than when 
only one pile driver is need, the 
tendency of each machine in 
work being loeorreet any swaying 
cr motion cauaed by the others. 

For driTing piles in the oon- 
straotiou of other bridges on the 
German rivers, oidlnaiy pile 
drirers with monkeys guided in 

elides and relc«aed by a drop '^'^ 

hock were used. Each waa driven by a separate engine. The drums were put in or out of gear by 
a ctuteh lever, whioh alio commanded the Drake, and which prevented the oIiavQ wholly uniriudl&g 
from the drum when the monkey dropped, and so ceoiinK a waste of time in re-winding. 

Tbe gunpowder pile-driver need on these works was Shaw's, modifled by Reidinger. Figs. 1S29, 
1830 give the principal details, and tbe right of Fig. 1824 a geneial view. The frame is ve^ strong, 
and of icon, supported on a turntable carriage, whieh may run on rails. Tbe wheels may be easily 
taken off for filing tbe apparatus on a pontoon. The principal part of the ^me receives the 
monkey guides, and is made or vertical angle irons 5' I in. by 3'5 in. by '6 in., connected together 
by a ouit-iron headpiece T, aod held in a step casting at the bottom, capable of tnrning on the 
carriage bo ae to suit any given angle at which it may be desired to drive a pile. Tbe two angle 
irons OO, forming the pririoipal part of the frame, are connected by curved angle irons at about 
every 34 in. of the hsigbt of tne frame, and these are connected together by a X iron H. The 

Erindpal part of the frame is held in equilibriam In the front by two augle irons 3 ■ 1 5 in. by 3-15 in. 
y -47 in., bracing tbo head T iron on the chariot. An I iron J, 5 in. by 3 in, bv 47 in. (Fig. 1829), 
forma a^race, and constitutes a third-part of the frame. This is fiied at the rear part of the 
carriage b^ a bolt 1 '5 in. in diameter. The monkey of the steam pile-driver Is replaced by two 
separate piecea, the one, H, fixed on the pile is of cast ateel, tbe other. H, of east iron, sliding by 
projections cast thereon between guides G Q. The part U carries similar projections, aod fits in the 
same manner between tbe guides. This piece, called the mortar, is of elliptical section, and 
encircles the pile by a recess at the lower psirt. Tbe bore is 6 in. diam. and 24-4 In, length. The 
monkey is also holfow at the upper port, the bore being B'26 in. in diam. At the base is fixed a 
stem terminating in a piston fitting m the mortar M, From the crown T depends a second piston 
O, oorrespooding to the bore in tho upper part of the monkey. Tbe biake F Bw enpporting the 
monkey is of T iron, 3-5 in. bv 2'36in. by2-36in. by "43 in. This T iron is operated by levers L, 
fonning a parallel motion and oecillating on tbe curved stays of the frame. The monkey is pro- 
vided at the back with a surface nhioh engages with tbe brake. Hortar and monkey can be raised 
separately or together by meant of a cham over the pulley R, oommanded by a windlass fixed on 
the brace J. 

The principal dimenelonB of the pile are as follows; — Total height above rails, 37 ft. 1 iiL, 
len^b of carriage forming the base, 11 ft, 2io, ; width, 8 ft. 8 in.; width between raila, 8 fL2-75 in. 
Weiglit of monkey, 13 cwt, 8 qr. 3 lb.; weight of mortar, IS owt. 2 qr. 27 lb.; weight of carrlaga. 
1 ton. 11 cwt. 3 qr. 6 lb. ; weight of rest of liame, 2 tons 19 cwt. 5 lb. 

The maximum dimensions of tbe piles which can be driven by this machine in compact gi^Tel 



930 PILE DBIVEB. 

18 23 ft. in length and abont 12 in. in diam. The ezploeive charge is made npin dry paper prepared 
at the works, the heayiest yet nsed being abont 385 grains. 

Two men are necessary to work the apparatus ; one to attend to the brake and one to introduce . 
the powder charge ; and about six to ei^ht men occupied in bringing and placing the piles, working 
the windlass, and removing the pile dn?er. The monkey being suspended at sufficient height, the 
man at the brake orders the introduction of the charge into the mortar, and then releases the 
monkey. The piston P compresses the air, which forms an elastic cushion under the pressure of 
from 20 to 25 atmospheres. A groat elevation of the temperature of course follows, and the powder 
charge is thereby ignited, and the monkey again elevated by the powder gases and the compressed 
air. The work of raising the monkev is thus done upon the pile, as well as that of checking its 
descent after a given fall. It is said that the air cushion is effective in reducing the impact upon 
explosion, the pile being placed rather under a heavy pressure than receiving a severe shock. 
Fig. 1826, which is of some of the piles after being driven by the different means, suggests that 
the shock is much more severe thfui with the steam pile-driver. The pressure exerted by the 
gunpowder pile-driver upon the pile is composed of the following factors ; the weight of the mortar, 
the compression of the air, the force of the explosion of the powder, the reaction due to the 
expansion of the gas during recoil, and the weight of the monkey — the action of which is inveraely 
proportional to the resistance of the descent of the pile. 

The operations connected with the application of the brake require an experienced hand and eye. 
If improperly worked the brake will cneck the ascent of the monkey to the fixed piston O. The 
operation is the affair of but four or five seconds, the command to fire is repeated, a second stroke 
follows, and this is repeated ten or fifteen times, after which a pause is made to grease the piston, 
dean the breech, and permit the cooling of the mortar. In experiments made by Hacquard, twenty 
strokes a minute with 308 grains of powder were seldom exceeded. With this number of strokes 
the mortar became so hot that the powder was liable to explode before the fair entry of the monkey 
piston, so that the proper effect of the explosion was lost, and the monkey had to be raised by hand 
windlass. The dilatation of the mortar also resulted, either in the non-explosion of the powder, 
because the air escaped past the piston instead of becoming compressed and heated, or else the 
powder gases escapea when the powder was fired by the heated air. The piston in these oases was 
very liable to suffer deformation. It is thus necessary that these tools should be placed onl v in the 
hands of careful men. Though in some respects this is objectionable, the mechanical work obtained, 
being the result of pressures and not of repeated shocks, does not produce on the framework the 
severe vibrations common, and which necessitate so much repair to pile drivers worked by steam on 
the Nasmyth principle. From these considerations the employment of gunpowder would seem not to 
be liable to tne losses of time inherent with steam pilendrivers, for getting up steam, and their 
manipulation. Steam always requires the presence of the elements and tools for its production* 
while the powder is a simple motor, emmagazined, and always ready for action, for these reasons 
it is thought that it will be largely employe<i in the future, more particularly for lieht work. 

At Dresden Bridge the apparatus was used more to obtain experimental results than for any- 
thing else, as it was known that the ground was not such as would give the best opportunity for 
successful work by this daas of motor. It was therefore at first worked under conditions similar to 
those for working when driving piles in the bottom of an excavation, as indicated by Fig. 1826, 
whilst steam pile-drivers worked in the river. The excavation was for the foundation of a pier of 
280 square metres of surface in a dam, also represented by Fig. 1823. It was at first cleared of the 
rocks, which prevented piling, and the work of sinking then performed by aid of waling board, 
battens, and pumping, to a depth of about 13 ft. below zero, wnen, the pamp being insufficient, it 
was resolved to have recourse to piling and concreting the excavation. We have thus confined this 
description to three types of pile drivers, working under similar conditions as to the ground into 
which ihe piles were driven. These comparative results, and those obtained in the construction of 
the Mfiuthausen and Steyerreg bridges on the Danube, and those of Tctsohen and of Aussig on the 
Elbe, with hand and steam pile-drivers are given in Table II. 

The time occupied in driving a pile, which was on an average forty minutes, is thus analyzed ; — 
Duration of effecting firing, five minutes : time occupied in stops for greasing, fifteen minutes ; 
getting ready for driving, five minutes ; stops necessitated by the passage of the public fifteen 
minutes = forty minutes. The employment of powder in a town thus involved a' loss of 37 per cent 
of actual work. These conditions ao not as largely affect the total cost as might be ^pcoted, 
because the constant, the powder, which represents Uie principal factor, about two-thirds the total 
expense, playing the principal part, it Is necessary to seek its best application. To obtain this 
result, we have the comparison of tlie mechanics work, and the effective work in foot pounds 
for the dlflerent earths, and also the work of a grain of powder, from which we may deduce co- 
efficients, by the aid of which we can ascertain the charge of powder necessary for a given operation. 
It admits also of estimating the cost, and whether powder is applicable or not. In the case of the* 
excavator at Dresden, the piles were 7 '5 in. square, and armed with the same shoes. The 
mechanical work performed oy the men working a bell-ringer pile-driver, and in driving the piles 
to a mean depth of 6 '56 ft, was 145,807 foot pounds. For driving to the depth of 6*98 ft., as was 
the case with the powder machine, the work remaining sensibly proportiunal for the increased 

145 807 ^6*98 
depth, the foot pounds wiU be ^.^ = 155,285 foot pounds. The equivalent of one 

155 285 
gramme— 15*4 grains— was thus in this ground and under the given conditions = ^ * = 

146-5 foot pounds. From what will follow it will be seen that the mechanical effect of one gramme 
of powder should at least be doubled, for the apparatus is able to compete, as to cost of its work, 
with steam pile-drivers. As to the weight of the powder charge, experiments have shown that the 
total expenaiture of powder diminishes proportionately as the weight used increases. From this it 
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is OQndaded that the nearer the chaxge approoohes the maximam limit, the nearer the most uaeful 
effect of the apparatiu ia approached. Gtyen a mortar of safficient strength, and a monkey cx)rre- 
spending, the maximam charge has only a limit in the limit of elasticity of the pile itself. Thus, 
m the case cited, the charge of 20 grammes— oorresponding to the resistance of the mortar— gave 
6 per cent, of ruptured piles, and determined for ordinary use the maximum charge for the pile as 
well as for the mortar. From this it results that the nature of the ground reacting more or less on 
the pile in opposing its descent is the principal factor which modifies the charges to be employed ; 
for earths of little consistence the employment of powder in large charges givea a very high 
coefficient of useful effect, whilst in hard ground, permitting the use of but small charges, the 
naeful effect may be very soiall indeed. 

Table IL— CoMPARATmi Table of thb Wobkino of tabioub T«»es of Pilb Dbivbrb. 



DcrignsUon. 



Posltkm ot Che Apparatas i 

Mean yelodty of corrent, in tttt, per ) 
hoar ] 

Height or pile driver. In 1^ . . . . 

Weight of the monkey, in lb. . . . . 

Depth of pile driyen at first atzoke, in ) 
iocbes 5 

Depth of pile driven at laa^ atroke, in ) 

Number of pilea obeerved 

Wcifhtofabocfl^inlb. 

Fom of shoes . . ,A 

Dimensions at centre of pile, in inches 

Length of piles, in feet 

Hean depta each pile was driven, in i 

feet J 

Cubic feet of the wood in the groond 
Total length of pilfs baried. in feet . . 

Number of worhmen 

Hean number of piles driven ner hour 
Mean fall of the monkey, in feet . . 



Bridges on the Elbe. 



Dresden, 

18Y6. 






On 
shore 



86 
1540 

32 
1*18 

eo 

13*3 
Four 
branches 
7*5 pq. 
19*6 

6-9 

2-n 

629 
1 

1*40 
4>6 




On 
river 

4693 

29-5 
1100 



0*23 

106 

26*4 

Four 

branches 

11*8 dla. 

29-6 

6-9 

6*0 
741 
11 

1-60 
8-2 



t 



•a 



On 
shore 



26*25 
T21 



0-2 

90 

13 2 

Four 

bruiches 

7*6 sq. 

19*6 

6-5 

2-71 
590 5 
25 
0*84 
3*28 



Aura%. 
1873. 



ill 



On 
river 

4920 

39'3 
1320 



TetBcben. 

1874. 



Bridges on the Danube 




100 

16*6 

Four 

branches 

11*8 dia. 

39*3 

6*5 

5*0 

• • 

7 
0*4 
4-94 



On 
river 

4428 

46 
1760 

9*8 



120 

16*5 

Fonr 

branches 

11*8 dIa. 

46 

9*8 

7*6 

• • 

6 
0-^ 
7*66 



Maathausen. 
1^69-70. 1870-71. 



1« 



On 
shore 



46 

176 



20 
33 

I Plain 

11*8 dIa. 
32-8 

11*5 

12-6 

• • 

7 
0*20 
9*84 



•Si-?: 



Oq 
stream 

10170 

46 

1760 

7-8 



300 
33 

Plain ^ 

13-8 dia. 
32*8 

9*8 

10*18 
• • 
10 

0*50 
1-64 



Steyerreg. 
1872. 



a i 



he 



On 
stream 

9186 

46 

1760 

19*6 

1-0 

400 

16*6 

Four 

branches 

13-8 dia. 

39*3 

16*4 

• • 

10 

0*50 
13 12 



At Mauthausen, where beds of oonglomerate, compact day, with a rich bed of pyrites and 
gravel, with imbedded granite blocks, were passed through, the piles, 13*65 in. in diameter, were 
driven with a monkey weighing 1760 lb., and with rapid strokes not exceeding 19*6 in. At 
Bteyerreg, on the contrary, where the earth was heterogeneous, the height of fall sometimes 
reached 16 ft. with the same pile driver, and gave them very good results. Great importance 
attaches to the proper form and mode of fixture of the shoe. The ends of the pile should with 
great care be cut quite square, and the lower end nicely fitted on the fiat part of the shoe. The 
spike holes bv which the latter is attached should be as shown in Fig. 1825. We do not see the 
necessity for leaving much play if the spikes are properly driven so as to pull the shoe tight up to 
the bottom of the pile, especially if the snoe is properly fitted. The powder pile-driver can be most 
successfully used in homo^neous earths not of a hard character, such as peaty, argillaceous, or 
sandy eround, as it is only in these that the larger and t^ie more economical charges of powder can 
be used. 

Fig. 1829 is interesting as showing the condition of different piles after driving by the various 
machines into the kind of material described. The two illustrations of the powder-driven piles are 
of course of abnormal cases, but it is fully evident that powder cannot be used for driving in 
hard ground with interspersed boulders. 

The experiments with gunpowder described took place in hard ground much disturbed — see 
Figs. 1824 and 1826. We shall now see the apparatus under more favourable conditions. 

ITie Gunpowder PiU'driver driving Piles into 00ft Ground at Wtlhelmshafen. — For the recent works at 
^he port of Wilhelmshafen an apparatus similar to that ju^t described— but more powerful, the weight 
of the monkey being 2552 lb., and that of the mortar being 2090 lb. — was employed by the side of 
a steam pile-driver on Naamy th's principle. The ground was composed of day or loam, argillaceona 
sand, and lastly, fine sand. Table III. gives the comparative results obtained ; — 

The results given in this table show that the experiments proved the work of the powder driver 
is, in hard earth with large imbedded stones, much more expensive than that of the steam machine. 
Fig. 1826 illustrates the aspect of the piers in the different cases after driving. After examining 
these, taken from the actual piles, it will be remarked that by reason of the rapid action of the 
powder the earth has not time to become displaced, and that such obstacles as can be pushed aside 
Dv light repeated strokes break the shoes on and split the piles, which can be driven no farther. 
The piles in this condition are indicated in two cases by Fig. 1826. In the case of the steam apparatus, 
we may leam by the nature of the blow and the driving it produces, the value of the resistances 
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which normally present themselves^ and may aooordingly vary the height of the &11 of the monkey, 
so as not to break the shoe. 

Table IIL~Ck>HFABifiON of Gukfowdeb and Bteam Pilb-dbiyebs. 



Deflcription. 



Total weight of apparatus 

Time daring which apparatus stood 

Persons employed 

Number of piles observed 

Length of piles 

Diameter of piles 

Depth driven 

Cubic total of wood driven below ground 
Total length of piles driven in feet 

Duration of work 

Mean number of piles driven in twelve hours 
Number of strokes of the monkey a minute 

Ditto a foot cube 

Ditto a foot run 

Ditto each pile 



I\>wder. 



Steam. 



10*165 ions 


24-55 tons 


3 days 


14 


8 


12 


9 


1885 


32-8 ft. 


32-8 ft 


11-8 in. 


11-8 in. 


28-2 ft. 


29-5 ft. 


211-8 ft. 


459 ft. 


253*8 


56-6 


845 minutes 


116 days 


19 


16 


S 


5to6 


•7 to -85 


13* 


•3 to -6 


9 


18 to 20 


250 



PNEUMATIC TRANSMISSION. 

The transmission of goods and passengers by a railway worked either by exhaustion or com- 
pression of air was at one time a favourite project with engineers, and several short lines were oon- 
structed upon this principle. They were not, however, found to be economical, and have fallen into 
disuse for any purpose except the transmission of small parcels, letters, and especially telegrams. 
For the latter purpose, Uie transmission of telegrams between two main and out stations of large 
cities, the system is of great service. The plans upon which it is worked are fairly represented by 
those in use in London and in Paris. In the London system, for the description of which we are 
indebted to a paper by R. Sabine and R. S. Culley, M.I.C.E., 1876, the pneumatic tubes, which are 
laid double, are worked from one centre, namely, the central station in uie General Post Office, at 
which point the engines and air pumps are fixed. At that station the tubes are arranged vertically, 
side by side, and each is terminated by a valve. Those used exclusively for forwarding messages, 
are situated at one end of a long table ; those used both for forwarding and receiving, in the centre ; 
and those for receiving only, at the other end. The messages for delivery by hand are sent through 
a tube to tiie room below, and there are several tubes for conveying messages to different parts of 
the gallery. 

The Varley valves adopted at the first in the London system, though efficient, are expensive in first 
cost, and troublesome to keep in order, because of their complexity. In providing for a system so large 
as that of the English Poet Office, it became necessary to devise a simpler arrangement, and the 
valves employed admit of each tube being used either exclusively for sending carriers to a distant 
station by means of compressed air ; or exclusively for receiving carriers by means of vacuum ; 
or for sending or receiving at pleasure on the same tube. Fig. Ifi^ is a section, Fig. 1833 a plan, 



1833. 



1835. 





and Fig. 1835 a back view of the valve. In sending, the carrier containing the messages is inserted 
into the chamber M, Fig. 1833, until it is held by the contraction at O, where the chamber 
narrows to the size of the tube. The handle H is next drawn forward, carrying with it the sluice S, 
which closes the mouth P of the chamber. The top S' now strikes the lower end of the lever O Q, 
pressing it into the slot s of the sliding bar B, and the continuation of the motion opens the upper 
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slide T by means of the rack R At the same time the inclined plane I, Fig. 1834, attached to 
one of the sliding rods actuating the lower sluice S, passes between a fixed roller and a roller 
fitted to the valve Y, establishing onnmunication between the pressure main and the message 
chamber, the compressed air expands the felt casing of the carrier, causes it to fit the tube, and 
forces the carrier forward. On its arrival being signalled electrically, the handle H, Fig. 1834, is 
pushed inwards, the air cut off*, and the message 
chamber opened ready for another carrier. The 





1834. 



before the first has reached its destination, the speed 
of the first is not sensibly afiected. The cock D, Fig. 
1835, connected with the vacuum main is closed. By 
closing the top sluice before opening the lower one 
the rush of compressed air from me tube is prevented. 

In receiving, the carrier is inserted at the distant 
end of the pipe, and is signalled. On receipt of the 
signal the lower sluice is closed, and the upper one is 
opened as before. Communication with the vacuum 
main is now established by opening the cock D, Fig. 
1835, and when the arrival of the carrier is known by its striking the lower sluice 8, Fig. 1833, or 
by observing it through a glaa^d opening in the message chaml^, the vacuum is shut off by the 
cock D, and the handle H is pushed in. The top sluice being now dosed, and the lower one 
opened, the carrier, having passed the contracted part G, drops out. The connection between the 
valve y, and the pressure main is cut off by a om:k on the pipe E, Fig. 1885, not shown. Here 
again the operations of removing the carrier and of turning on the vacuum do not sensibly affect a 
following carrier. 

In sending or receiving on {he same tube, the upper sluice T. Fig. 1833, is thrown out of use by 
removinc^ the plug G, which connects it .with the rack B, and the quadrant ; it is opened and 
held back by a damp. The manipulation is the same as before, except that in sending, after the 
carrier has arrived, me slide is at first pushed back only far enough to close the pressure valve Y, 
80 as to give the compressed air time to expand in the pipe before the lower sluice is opened. This 
prevents the noise of escaping aur. In receiving, care must be taken not to move the handle so flar 
as to open the pressure valve Y. 

At the out-stations, the tubes terminate in a |;lass box, with a swinging door opening inwards. 
The door is closed by the pressure of the incoming air, and the air itself escapee through a pipe 
fitted at the bottom of ilie box ; were it not for this provision the out-stations would be filled with 
air which had passed through the pumps. This pipe serves also as a drain to carry off the water 
used to dear obstructions in the tuoe. The message tube is fitted into the top of the box, so that 
nothing can fall into it accidentally. Intermediate stations are fitted with the rocking sluice. 

Lead has been used in every case except for the two tubes between Telegraph Street and Charing 
Crass, which are of iron. These iron tubes have been very troublesome. The lead tubes are very 
slightly damp, and no inconvenience has ever arisen firom that cause. In Paris, although the 
tubes are of iron, they do not rust, but little vapour of water is pekssed through them, and conden- 
sation scarcely occurs. Besides this, the tubes are kept clean by the friction of the heavy pistons 
which pass through them. The lead does not appear to wear at all, except in places where the 
pipe has been accidentally indented. 

The employment of lead instead of iron for the extension of the system is to be recommended. 
It has been shown to be practically indestructible, the joints of the pipe are easily made perfectly 
air-tight ; it becomes polished by use, thereby reducing friction and the wear and tear of carriersi 
Iron, on the other hand, has been found to rust very quickly, and to destroy the carriers. 

It was proved conclusively by experiment that, with equal lengths, working with equal pres- 
sures, the times of transit of carriers through three sizes of lead tubes were in the following 
proportion ; — 

Through a 3 inch tube 100 

2J „ 116 

„ l} „ 141 

and that to effect the transits in those times the power required would be ; 

For the 8 inch tube 100 

2J M 49 

1* « 18 



n 



For the long lines oontempUited it was, however, deemed inadvisable to use tubes of such 
small diameter as 1} in., and as the time saved by a 8-inch tube was proved to be small in com- 
parison with the extra engine power reouired to work it, it was decided to employ 2i-in« tubes for 
all the new lines. The exact internal diameter of the whole lead tubes is 2^ in. 

The tubes are made in lengths of about 29 ft. Each length is laid in a wooden trough as soon 
it is manufactured, so that it may be handled without fear of bending. A tightly-fitting 



as 

polished 



steel mandril, attached to a strong chain, is then drawn through it, to ensure the pine 
Dcing smooth, cylindricsl, and uniform throughout. It is neceasarv that the mandril should be 
lubricated with soft soap, so that it may not injure the pipe. When laid, the leaden tubes are 
protected by being enclosed in ordinary cast-iron pipes. 

The leaden tubes, straight and smoothed, are delivered from the wooden troughs to the trench 
prepared to receive them. The iron pipes I, Fig. 1836, are then drawn over the lead, leaving 
enough of the leaden pipe L projecting to enable a plumber's joint to be made ; a strong chain is 
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next passed through the length of tube to be joined on, and a polished mandril A, being heated and 

attached to this chain, is pushed half its length into the end of the pipe. The new length of tube 

is then forced over the projecting end of the mandril, so that the leaden tubes, the ends of which 

have been already cut flat bj an apparatus made for the purpose, butt perfectly together, and a 

plumber's joint is made in the usual manner. The tube is thus air-tight, and the mandril keeps 

the surface of the tube under the joint as 

smooth as at any other part of its length. "^^^ 

After the soldering process has been completed, 

the mandril is drawn out by the chain attached 

to it ; the next leneth is drawn on, and the 

Srooess repeated. Where it is necessary to 
eyiate from a straight line, it is essential that 
the tubes be laid in a circular arc, whose radius 
shall not be less than 12 ft. The same care is 
necessary in entering the Tarious stations, 
otherwise undue friction will arise, and curves 

would be introduced which might cause the i837. 

carrier to stick fast. 

The carriers or pistons consist of a cylindrical box of guttapercha. Fig. 1837, covered with felt 
or drugget The felt is allowed to project beyond the open end of the carrier in the rear, as shown 
at A/, so that the pressure behind causes this portion to expand and to fit the pipe exactly. The 
front of the carrier is provided with a buffer 6, formed of several pieces of felt, which just fits the 
leaden pipe. To prevent the messages getting out of the carrier, the end is closed l^ an elastic 
l)and[ e, which can be stretched sufficiently to allow the messages to be put in. The weight of a 
service carrier is 2| onnces avoirdupois. Leather has been tried, and although, if properly prepared, 
it answers well for iron, it is unsuitable for lead. The object in England has been to lessen the 
weight of the carrier as much as possible ; but in Paris the mean weight of a train, consisting of a 
pistiin, called the locomotive, and five curlers of iron covered with leather, is 6' 6 lb. 

Electric signals are used between the centml station and the outlying stations, consisting of a 
single-stroke bell with indicator, to give notice of the departure and arrival of carriers, and to 
answer the necessary questions required in working. 

When there are intermediate stations the tube is worked on the block system, as if it were a 
railway. Experience shows that where great exactness in manipulation cannot be obtained, it is 
necessary to allow only one train in each section of a tube, whether worked by vacuum or by 
pressure. Bnt where there is no intermediate station, and where the tube can be carefully worked, 
carriers may be allowed to follow one another at short intervals in a tube worked by vacuum, 
although it is not perfectly safe to do so in one worked by pressure. In working by pressure it has 
been found that, notwithstanding a fair interval may be albwed, carriers are apt to overtake one 
another. For no two carriers travel in the same times, because of differences in fit, unless they are 
placed end to end. If signalling be neglected, and a carrier happens to stick fast, being followed 
by several others, a block will ensue, which it will be difficult to clear, while the single carrier 
could readily have been dislodged. Provided due care be exercised in the construction of the work, 
interruptions of the service are of rare occurrence, except from neglected signalling. 

When carriers stick fast in the pipes, and cannot be moved either by compressing or by 
exhausting the air, the pipe is fioodea with water, and the carriers forced past the obstruction by 
increased pressure. The water flows off by the drain-pipe at the distant station. All tubes are 
now fitted with a small pipe by which water may be admitted if necessary. As stoppages have 
been so infrequent, it has not been necessary to devise any very elaborate means of discovering the 
locality of a fault. An approximate idea may be formed from the time the tube takes to discharge 
itself when filled with compressed air ; and when the fault is not too distant from either end, the 
simple expedient of measuring by means of string attached to a carrier has been found sufficieut 
It has never been requisite to open a lead pipe to remove a carrier stopped by any other cause than 
impetfect construction or external injury, the position of which was known. The iron pipes 
j^vi§l)een more troublesome. 

As a rule, on the Continent of Europe, each pneumatic line compriBes seyeral stations, this 
being the most economical arrangement as regards first cost. In some cases the tubes form a con- 
tinuous circular line, in which the trains or carriers travel in one direction only ; the stations 
becoming either the starting-points of fresh circles, or of direct single lines. In Paris the greater 
part of the stations are grouped in circles, but power is provided at every station so that each 
section makes a distinct line. By these means the transit is considerably accelerated, bnt at a great 
cost. The line between the Bourse and the central station is direct, and two, sometimes three, 
carriers are permitted to follow one another ; but on the circular lines the trains only run every 
fifteen minutes, so that a comparatively small pumping power is required, there being time for 
accumulation. The delay arising from this system would be fatal to the traffic of large towns in 
Great Britain, for it is obvious that if a message arrive but a second after a train has started, it 
may be twenty, or even twenty-five minutes in reaching its destination, even if lying in the same 
eirele. Kor can many stations be included in the same circuit, but the communication between tlie 
central station and the more important branch or out-«tations must be direct. 

The public is perhaps exacting in its demands for speed, and never thinks of the cost To 
conduct the message traffic with the despatch demanded, every cause of delay, however small, must 
be eliminated, whether it occur In the transfer from the receiving office to the instrument room, on 
the wire itself, in the delivery, or in the pneumatic tube. A demy of even ten minutes would be 
fatal to the Metropolitan traffic, so that where this limit is approached the tube must be replaced 
by the wire. Now when the same tube serves two out-stations, the time occupied by the carrier in 
rqnning i>om the central to the nearer station is increased by the addition of the tube to the 
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fartber station. Other oanaes of delay are also introduced ; for instanoe, that of Borting the 
meeaagesjand of lemoring at the intermediate station those intended for that station. In a circular 
system, including several stations worked with a eontlnuous current of air, the tube is still further 
lengthened, and the speed reduced. There id also tliis inconvenience ; if A,. B, G, and D are four 
out-stations, conneotea by a circular tube starting from and terminating at the central oifice, and if 
the direction of the air current is from A to D, then a message from the central office to D must 
pass through almost the entire tube, subject to the diminution of speed due to the lengthened tube, 
and to the delay caused by the arrangements for working the more complicated system. Where 
despatch is not of paramount importance, the circular system has advantages, by giving communica^ 
tion betweoen each station on the route. In London, however, the traffic is almost entirely to and 
from the central station. 

The transmission of a carrier from one end of a tube to the other, is effected by the expansion of 
the denser air, which enters the tube during the interval between the moment of starting and 
the moment of exit of the carrier. 

In p ieora Te-woridng, each tmiait oosts exactly the force necessary to produce this volume of 
eompressed air, whilst in vaeaum-workiiig aadi twrnrit eosts the force necessary to expand a cor- 
responding volume of air at atmospheric pio t sui e. This is oMoualj the case, because when the 
carrier arrives at the end of its journey, the tube has been filled behind it with just this volume of 
air at the higher pressure ; and this volume is less than the whole volume of the tube by just so 
much as the air has expanded. 

The absolute work F, stored up in a unit volume of air at the effectiTe pressure ft, is that 
exerted to compress it from /i, to p„ or that which it will return in expanding from />, to p^f through 
the distance y, as has been already shown by Zeuner. 



F= f^'ptix; 
Jpi 

J=6)".-.p=ft«-.-«=(J')l: 



In which n = 1-408, the relation between the specific heat of dry air, when maintained at a 
constant pressure and when maintained at a constant volume. For 1 cub. ft of air at p^ the work 
/, effected by it in expanding in the tube to /)„ is therefore 



'=^'{-(S)-}-.-«»"''' 



p, and p, being in lb. a square inch, assuming that the air in expanding does not take up any heat 
through contact with the tube. 

Inserting the numerical viJue of », the work of 1 cub. fL becomes 

/ = 352-9/>, Ui - ^) ^'^\ foot lb. [log. 352'9 = 254770] ; (2) 

p, is always the greater pressure, and p, the lesser. 

When pneumatic tubes are worked with compressed air, p, is atmospheric pressure (14*75); 
but when worked with vacuum, p, becomes the atmospheric pressure. 

" Air passing through a tube expands as it goes on from the higher to the lower pressure, the 
expansion being nearly regular. Supposing that it neither gives to, nor takes from, the surface of 
the tube any heat, it would follow from the above that 






«i being the velocity and Vj the volume of the air as it enters, and «, the speed and v, the volume 
as it leaves the tube, pi the higher and p^.the lower pressure. 

Then if it be assumed that the pressure in the middle of the tube is a mean of the pressure at 
the ends, the velocity of entry of the denser air and the volume of it which enters between the 
starting and exit will be respectively 



and 






The effective work stored up in the denser air which enters the tube during the transit is 
expended in accelerating the speed of the carrier and the air, and in overcoming their motions against 
the sides of the tube. 

The work A, expended in accelerating the air will be 

A =*^^ .... foot lb. ; (5) 

8f being tlie velocity of greatest motion, and g the terrestrial aoceleratrix = 82*2, both in feet 
a second, and w the mean weight of the whole of the air which moves in the tube during the 
transit, in lb. a cubic foot 
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If the weight of the oarrier in the tnbe he W lb., the work, B, of acceleration is 

B = W^ foot lb. (6) 

After allowing for the work spent in acceleration of the air and of the oarrier, the remaining 
work applied to propel them is, of oonrse, consumed in oyercoming their redstanoes to motion. The 
mechanical effect, G, absorbed by resistance to motion of air in passing through a tube of the length 
/ feet, and diameter e^ feet, has been found to increase directly as the length and inversely as the 
diameter of the tube. 

I s* 

C = {-.tt?r. --.... foot lb.; . (7) 

d 2g 

9 being the menn velocity of the air in the tube. 

The expenditure of power in overcoming the resistance of air to motion is more important than 
any of the rest, amounting in general to at least ten times all the others put together. There 
existB no definite and satisfactory determination of the value of the constant of friction {, which 
probably varies slightljr, not only with the diameter, the material, and the condition of the surface 
of the tube, but likewise with the density of the air which is passing through. Experiments to 
determine its value have been made by Girard, D'Aubuisson, Buff, Pec^ueur, and others, who 

Sive a mean value to it of 0*02. This value agrees with experiments with the lead tubes laid 
own in London, which are worked with felt carriers, and which have become to a great extent 
polished by continual passage to and fro. For the lengths of iron tubes, which appear, from the 
wear and tear of the felt carriers, to be exceedingly rough and wet, the value of tiiis oonstant, |, 
appears to be about 0*028 or 003. 

Lastly, the work D, consumed in friction of the carrier is 

D = mW/ foot lb., (8) 

in which /i is the ooeiBcient of friction to motion between the material of the carrier and that of the 
tube. In some experiments with felt carriers it was found that the average weight was 2| oz., 
and that the friction to motion when in the tnbe was If oz. The value v, x / foot lb. of work is 
therefore balanced by the items of expenditure (A + B + + D), or «, / = A + B + C + D, in 
which o, = volume of denser air which enters the tube during the transit. 
Setting the algebraical values in this equation 

From which is obtained the mean velocity «, with which the carrier travels — 



V 



vJ-^fiWl ^ feet a sec. 



(^^•)^(W + tr,r) + ej«r. (9) 



In practice the friction of a drv carrier in a polished metal tube is so little, and the weight is so 
trifling, that both may be omitted without appreciable error. 
The last equation then takes the form 

A-2^> 



. = /^2y 



^ ^Pijf£t^| + l^w feet a see. 



And when the tubes are verv long in comparison vrith their diameters, that is to say, when the 
length exceeds 5000 times the diameter, in practice the formula may be written thus ; 



v^ 



f / Pi + Pt \ 
2g f ' feetaaec; (10) 



<-.- 



or numerical constants inserted for lead tubes ; 

t = 56*7 (j) (^)* (^^y-^' )s .... feet a sec. [log. 56-7 = 1 •75875], (11) 

which is equivalent to neglecting altogether acceleration and also friction of the carrier. In other 
wcnrds, for light carriers moving in polished tubes, the air is assumed to move with the same 
velocity whether a carrier is in the tube or not. 

The time occupied by the carrier in passing from one end to the other is 

<=-... .seconds; 

therefore, for lead tubes, 

i =5 0-0176 (!^y ^ ( ^^' y seconds. Pog. 0*0176 = 2*24625]. (12) 

The weight of a cubic foot of air at 20^ Oent is 0*07533 lb. at mean barometric pressure. 
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If the prennre p, lb. ft square inch acting on a bod^ of air, each onbio foot of which weighs 
tOi lb., be suddenly changed to p, lb., the weight of a cubic foot will be changed to w, lb. 



«^« = «^i(^); lb. 



(13) 



If before the transit of a carrier the pressure at each point in a tube corresponds with the flow 
of air due to the end pressures, as in coiitinuous working, and if during the transit the latter are 
kept constant, the mean specifio weight to of all the air may be assumed to be practically 



Vf = 



. • • • lb. 



But if, as in intermittent working, the tube, to begin with, be filled with air at atmospheric 
pressure, the mean will be lower or higher than the mean corresponding with the end pressures, 
according as the tube is worked with pressure or with vacuum. For pressure-working the mean 
specific weight may be then taken as 



w 



For vacuum-working, 



_ to, + 3 «>, 

-^ . ■ • . . lU. 



3 tO| + to, , 

10 = — *-7 .... lb. 



(15) 



(16) 



These mean values, it should be understood, are only approximations, the actual specific 
weights being affected to a great extent b^ accidental causes, such as the temperature of the tube, 
the resistance offered by curves, and the like. 

To ascertain the work done in maintaining compressed air in the main or container, let the 
stroke of the piston of the pressure pump be from D to O, Fig. 1838 ; let the pressure of the 



1838. 



'fP^LaU' 




atmosphere with which the cylinder is filled at the commencement of the stroke be p, ; let the 
required effective pressure A, actual pressure = A + p^ = p„ be reached when the piston arrives at 
B ; and let the piston, in travelling the remaining distance B O, transfer the compressed air from 
the cylinder into the container. 

The air at the commencement of the stroke is already compressed to what is called atmospheric 
pressure, therefore each cubic foot already contains a certain potential energy, which is the work it 
would exert fully if expanded into an absolute vacuum. 

When the air is further compressed its potential energy is increased, and the difference betweeu 
the two potentials is the work it can perform in expanding between the two pressures. This 
difference of potentials, or aeromotive power, is represented by the area A B D, of which the area 
B D E has been dope by the €uperincumbent atmosphere, and must be subtracted from the whole 
energy of the unit volume of compressed air between the two pressures, in order to find the 
effective energy which the compression costs. In other words, when a cubic foot of compressed air 
has been produced by a pump, tne pump has not done all the work which is stored up in it, because 
the greater part of this work has usually been done by the pressure of the atmosphere. 

The absolute work F is represented by the area A B D 0. 

The effective work by the area ABDO - BD E = AE G. 

The absolute work F is by formula 1, 

and since p, (y + 1)" = Pi» 

the length y = | (^l^I- 1 }, 

and the area E B D G ; the work done by the atmosphere is 

Therefore the efflootive work done in compression by the pump is 

'-".'AC-©-}-!®)--)- 



(17) 
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Now this difference is the work which has been performed in driying the piston only to the 
point B, that is to say, nntil the air has reached the reqaired pressure p^. It has stil], however, to 
be driven into the container, and to do this the force A lb. must be exerted through the distance 1. 

For each cubic foot of compressed air, therefore, 
the absolute work done, /, is : — 



The work done by the atmosphere = a = 144 1 (— ) • — l}/>t foot lb. 



Difference of these = the effective work done in compressing (/ — a). 
Work done in driving compressed air into container = 144 A. 

Total amount of effective work E, done after forcing into the main 1 cub. ft. of compressed 
air = 

E=/-a+144A foot lb., 

with the numerical values of constants inserted— 

The engine power required for each cubic foot, a minute, cf compressed air maintained in the 
main or container at an actual pressure p, is therefore 



/■^o - H44A 
SdOOO 



• • • • fi .*r» 



If in a tube, whoee diameter is d feet, the mean speed of a carrier is t feet a second, the volume 
of compressed air required a minute wiil be 

0-7854rf» X 60 » X (j^Y^)^ ^^^ ^^^ ^^^^ 

And the engine power required to do this is 

^-^'^^^^'•■"^'^^^'^^'i^)^""^^- C20) 

The operations of the vacuum pump are similar. 

When the air in the main has once arrived at the state of rarefaction at which it is employed, 
the lines connected with it admit a continued flow of air, which expands as it comes along to the 
tubes, and enters the pump with nearly the larger bulk due to its diminished pressure. The 
problem, therefore, resolves itself into compressing this expanded air again to the pressure of the 
atmo^here, and delivering from the pump the same weight of air a minute as that which under 
atmospheric pressure enters the tubes at their farther ends. 

The effective work E' required for each cubic foot a minute of air entering at atmoapheric 
pressure is therefore 

E'=m[36.l{l-(^^J"}-p.{(^±I)"-l)+*]....footlb. 

If the mean speed of a carrier is a feet a second in a tube whose diameter is d feet, the volume 
of atmospheric aiir a minute admitted at the farther end is 

Vi = 0-7854 d« + eOa x (^^^)" oabic feet 

The engine power required a minute for this tube is therefore 

and the engine power calculated from the volume of expanded air is 



* . • • n.jr. 



(22) 



33000 

The volume a minute, at the effective vacuum A, actual pressure A, as it passes through the 
main and the vacuum-pump, on the assumption that it does not become heated from contact with 
the tube, being 

V, = 0''^54d« X 60» X (j^—Vn «nWc feet 

The tubes 
of wrought 

bolts, as in Fig. .w^. *„„ ....«..>,. ««,.^„w. «. — ^ , , ^ ,. - 

2-519 in. The curved portions have radii varying from 80 ft. to 160 ft, and the proportion of 
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oorved to rtmieht Ii about oDB4ev«nth. Tbe tabei ue Infd In the grtmnd at mn sTerage depth of 
89 m., »nd with but eligbt inoline*, except «t tbe Btitiona, where the tube enlerg tt the botemeDt, 
and ia carved >ipvard», witJi » redins of from 6 ft. to 18 ft., and teiminates Tertioall* to adapt itself 
to tlie rtceiTing nud transmitting apparatuB. Wbore ponible the tubei are laid in tlie subwa; 
under tho Btreets, agninst tlie sides of which they are repported by bracketo 5 ft. or 6 ft apart. 

Water frequently accumuUtee io th« lowest parta of tlie tube*, interfering with the traffic. 
Fig. ISM ihowB the ooUoctor applied to the tube to remore this incouyenienoo. It oonsijiti of 



i-» 



L^pp 



• small chamber fastened to tbe tube In snoh a way as not 
to interfere with the passage of tbe train ) the water passoi 
throngh the opening P, and when the chamber is full it 



/■~\ 



they are easily accesaible. The pistons. Figs. 1811, 1842, 

are fonned of a thin iron plate wrapped around a wooden 

cone, throagh wbioh paasea a rod with a sorew thread 

cat at one end, this reoeivea a nut to hold tbe plate 

tiiat keeps the leather, which it notched around its ed^ 

in position. The weight of the piston complete is 12'8oz. 

The cnrriers employal to hold tlie deepatohes, Figs. 1843, 1S14, are oylindtioa), the ottter sheath 

is made of lentner, and tbe inner of sheet iron. Each carrier can hold from thirty to thiity- 

flve deepatcbes. It is found that the combinatioD of leather and iron quite protects the contents 

from dampness and impuritiee in the tube, and tbe leather envelope will run for about 12D0 miles 

before it hat to be thrown aside. The iron portion Insts for an jndeBnite period. The weight of 

caoh portion is, fbr tbe leather, 2-S oz. ; for tbe iron, 6'4oe.; and the carrier complete, a^d charged 

with thirtv-flve letters, weighs 12'5oi. 

The following Is a list of dimen«icnis of the tobea, pittions and caniers employed ; — 

IdcIm. 

f Standard diameter inside .. .. 2'659 



Tabes 



I Btnight 






I iuiiiimum ,, „ .. ,(- 

(Diameter of bead 2' 
Length „ „ .. .. 



2-5W7 
2-559 
2-441 
2-S62 
S-M3 
2-283 
5-118 



In Fige. 1849, 1846 are ihown the arraagement of tho two stories of a ^ical atation { the 
reservoir' C, pomps B B, torbines T T, and. other accessories being on the lower floor, and the 
offices O, receiving and tmnsmitting apparatus F F, and messengers' room M, above. In somecases 
tlie oellars are mnde ose of to receive the reeervoirs, the water being brought in from the street main, 
or, if necessary, celUrs separated from tbe station building are employed. 

Two atassea of receiving and transmitting apparatns are employed in tbe stations, vertical and 
horiiontol, the latter being preferable if space permits of its mstallalion. The vartical anongs- 
ment is shown in Pig. I84T. The tube A is a vertiod extension of the pneomatic pipe T. Tbe 
door P, placed at the notlom of the tube A, serves to iotrodnce or remove the caniera and piston. 
The two cocki. B and B', controlled by tho handle m, ere arranged so tliat when one is shot the 
other is opened. Tbeae establish communications either with the almosphora or with the com- 
pressed-air reservoir, according to whether the apparatus is receiving or transmitting despatches: 
in the former case the cock B is cloeed, and R is opened, and the air in advaoce of the train 
escapee, tbe train rises into the tobe A, strikes against tbe top, and then descends untU it is 
arrested by the fork F, placed in the open door P. The cases are then removed and placed in a 
basket U for distribotion. If, oa tbe other iiand, a train has to be transmitted, the carriers and 

e'stons are placed in tbe tul>e throngh tbe door P, ivhich is then closed ; tlie cock It is opened and 
' shut, and tbe compreBMd air from the reservoir propels the train to its destination. 
The horlEontal apparatus ooosisls erf' a conical txix mounted on cast-iron bracketE, Tho carriera 
travel &om the tube into tbe former, and are removed by operating a lever, which releasee the 
hinged lid covering the upper part of the box. In transmitting, the carriers are inserted in the 
tube through the door, which is then cloeed. A cock at the end of the apparatus places the box 
and tube in ocnneotioD with the prc«snre or vaouum reeervoir. In the forward part of tbe 
apporataa U a valve, operated by • liandwheel. Xbii valve is naed to dose the line mr diffioent 
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reqniremeiits of servioe. Special reodTing and tntiumittiii^ appBiatni m 

•tstioiu where do compresslag nwchiiiery eiista. TbuifBoppose there exia ,__, . 

of irhit^ B poaseaees no motiTe power. It is Deceasarj, tbererote, to depend upon the power bI 
of the terminal Btations for the tmumiaaion. In workJog, the carrien at B mniit be remOTed and 




i^laoed b; othen, uid the new ttafn forwarded to A or 0, oocording to dnminBtaDoee. ,Tbe 
upcntnB emploj'ed for this piupoBB is Bhown in Figa. 184S, 1M9. 'When the train li forwarded to 
A: the ail in fVobt eacapea throDgh the opening c, the raWe b being open u well as the valve a. 
The train having entered H, it pnahes the ipring r, and clasea the valve b, which ii held in ita 

to oloae the tvbe i. The 
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oover A of the box may then be raiBed, and the train removed irithont loss of air pressnre. This 
being done, the door /, Fig. 1849, is opened, the carriexs and piston of the new train introduced, the 
oompreued air is tranafenred to the new line by the valve B, and the train is then transmitted 
to stotion G. 

Fig. 1850 is one of the means employed for producing a vacuum or compression to work the 
tubes. In pcodueing compressed air, the water is admitted into the reservoir A, and forces the air 



1850. 



ttb. 




contained in it into the receivers B B, each of about 215 cubic feet capacity. The apparatus is 
placed on the ground- floor of the station ; and between the orifice Y' of the discharge pipe V V and 
the point where the wster is discharged, there is a difference of level ranging between 13 ft. and 
26 ft. The pipe V ends in a receiver in the sewer. M^ith a difference of level of 16 ft. or 17 ft., 
the power at command in the reservoir will be about half an atmosphere ; and when placed in con- 



1851. 



1852. 





».'.. 



t:* 



1863. 



nection with the tube, the train of carriers will be put in motion by 
tiie difference of pressure due to the atmosphere on one side, and the 
partial vacuum on the other. The ordinary dimensions of the receiver 
A, and the head of water ranging from 13 ft. to 26 ft., are suflScient 
to give a normal speed of from 1300 ft. to 2000 ft a minute ; and 
this duty ma^ be increased by taking away a further quantity of air 

in the reservoir with the escaping water. The supply pipe iPor filling the reservoir from the water 
main is shown at H ; B B are the compressed-air chambers, and U is a cock for regulating the com- 
munication between them. £ £' are the vertical receiving and distributing apparatus ; B' B' are 
pressure and exhaust valves; M is an electric bell, and 8 is a check valve ; e e are the receiving 
columns; fg are the pneumatic tubes; tn m is the pipe communicating between the reservoir A 
and the receiver B ; g pexe the pipes leading from the receivers to the reception apparatus. A 
modification in this arrangement is shown in Fig. 1851, where 
the exhaust pipes are connected by a pipe d m, and extended to 
the reservoir A. The cocks B and B' are not coupled, but are 
worked independently, B for transmission under pressure, B' for 
reception by vacuum. In this arrangement, when the apparatus 
is employed for reception by compressed air from the adjacent 
station, the air is exhausted by one of the openings P P. 
Fig. 1852 represents a vertical apparatus, in which, by means of 
the pipe ;r, closed by the cock U , the air in advance of the train 
can be liberated into an underground cellar. 

Considerable economy in working has been effected by 
employing a jet to draw in air for working with compression. 
Fig. 1853 is the arrangement, in which F is a reservoir of 
282*5 cubic feet capacity. The water arriving by the city 
main passes through the opening O into the apparatus B. This apparatus is provided with a 
valve 8, for preventing the escape of the compressed air in the reservoir P. With a head of water 
of 28 ft., a quantity of air e^ual to 0*465 of the volume of water may be drawn into the reservoir; 
and the final pressure of air obtained was 1*21 inch of mercury. This system possesses great 
advantages. By simple displacement, a volume of air at atmospheric pressure, equal to the volume 
of water removed, is obtained ; but by the addition of the induced current anangement, a volume 
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eqnd to 1-465 Hsults, repregentltig an eoonomy of Bboal 32 per cent ^k*- 1SM< ^^^ Bhov th« 
complete nmragement nt designed for & station. The oorapreB>ed-air reservoir is at P, nnd il maj 
be Ted by the direct introduction of wat«r from the hydrant A by meaOB of the onck R. Wheo the 
injector is need R ia closed, and the lalve r is opened. The vater then passes by the (abe GC D 
into th6 boi E, and the water ia dischargt'd into the tubes T. In Fig, 1855 six of these lubes ere 
shown to reprcseat the proportion necessary between the amoant of disohiirge and the siie of Ibe 
reoeiTer P. The box E ia connn:t«'d to the box H by the bard G G. the bni H reoeiving the water 
and the induced air whioh posi tluough the ralve box I and pipe K into P. By means of the 





bar G G tbe position uf the box E. with reference to the 

mouthpiece T T, may be regulated, so as to obtain the 

best result. As well as the modes already indicated, 

tbe water has also been utilized by means of turbines 

used to drive double-acting pumps for oompressiDg or 

exhausting the air. With a fnll of 3» ft. 6 in., the 

turbines employed, which are 23 in. dinmeter, make 

245 revolutions a minute, and discliarge 1'72 cubic foot 

a second when the maiimnm number of ten openiuga are 

■applied. The speed oF 215 reTolutiona is brought down to S2 at the pumps. In the plans of the 

•tatioD, Fitta. 1845, 1646, tliis armuKenienl is shown, and may here be ajmin referred to. The base- 

meut contains the tutbiues T, and the pressure and Tacnum reaervoira C and D. The water 

preasore throughoal Peris ia of couibb aneqoal, and at some high stations ettam power is resorted 

to of neeeesily. 

The practical working of the pneumatic system of Paris may now be briefly considered. Tbe 
oarriera n>rming the train are made up, addressed labels being afflied to tbe carriers deatiued for 
each offlre. and circulation commences in fnll activity at S A.M. Fig, IS.'SG is a diagram of the 
ayatem, the arrowa indicating the directjona of (he trafflc. On the oloee polygons of the circuit, the 
^ina aro worked alternately in each direction for three months, to remove any obatrnclion 
which might otherwise Bcrumulate. In winter the trains are more soiled that in summer; tbe air 
from the stHtion being heated, deposits the vapour with which it is saturated in (ho tubes. Tliia 
inoonvenienoe is partly removed by establishing tlie air reservoirs in cellars whore the temperature 
is low, A train on being sent from O orrivee at station 8 with the forward carrier Blled wilh 
despHtobes for 8 and its district, the remniuing csniers being for stations 6, 7, 10, 9. The flrat 
carrier is removed, and annther takes ita place, oontaining the despalolies collected at station 8 or li, 
7. 10, 9, which the previous train from circuit G has brought there. The nevrly made-iip train is 
then forwarded on the 8-11 line, and so on round tbe circle back toO, tbe operation described being 
repeated at tbe stations II, 12, 13, 14. The train service is controlled by means of the offlcial fn- 
Btructions relating to the actual time* of arrival and departure. This time-table, and a plan of 
the circuit, to which the station belimgs, as in Fig. 1857, ia bung on the wall of Uia oftlce. Only 
the times of departure are given, tbe periods of arrival being deduced. By the formula H + G, 
where H is the time of departure fmm the central bureau O, and x a constant time for earb 
station, the momf-nt at which any traiu, tbe number of which is known, will pass, is easily 
ascertained. Exact accord of time between the stations is necessary, and electric oommunicnlion 
is established over the whole system. Betuminjc lo Fig, 1H5G, at station II, it will be seen that 
three circuits, P, E. D, centre at this point, which is conaeqtiently of hi^b Importance. Three 
trains, from 11-12, 2.1-12, and 18-12, are received and transferred here in the manner already 
described. To take an example, a despatch left at station 10, at 9h, 35m, A,H., to be delivered in 
the district served by station 18, is sent on by a train leaving O at 9h. 30m., and quitting ttation 10 
at 9h. 37m. The omnibus carrier of circuit Q leavea it at station 8 at 9h. 41 'Sm. The message ia 
then transferred lo tbe omnibus oarrier of drcuit P. and reaches station 12 at 9h, 51 '5m. There 
it is plaoed in the similiar carrier of circuit D, and reaches station 18 at 9h. 54m. Delivery of the 
deapatoh is made fifteen minutes later. 
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Intimaiely oonneoted with the working of the tnhes is the removal of obstrnctions which occur 
from time to time, oaosing not nnfreqnently aerioas inoonvenience and delay. The most general 
cunse of obstruction is a stoppage of the train arising from accident to the tube, to the carriers or 
piston, or to the transmitting apparatus. In such cases the delay is generally very brief, it being 
for the most part sufBcient to reverse the pressure on the train from the next station, and to drive 
it back to the point it started from. If one or more of the carriers break in the tube, reverse 
pressure is also generally suflScient to remove the obstacle; but where this fails, the point of 
obstruction must be ascertained. This is done by carefully observing the variations of air pressure 
in the reservoir, when placed in connection, first with a line of known length, and then with the 
obstructed tube, fiy this means the position of the obstruction can be ascertained within 100 feet. 
Or the tube may be probed with a long rod up to a len^ of 200 feet A very ingenious apparatus 
by Ch. Bontemps, Fig. 1858, is employed to ascertain the exact position of the obstruction. It acts 
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by the reflection of sound waves on a rubber diaphragm. A small inetal disc is cemented to the 
rubber, and above this is a pointed screw D. An electric circuit is closed where the points C and 
D are brought in contact. To locate an obstruction a pistol is fired into the tube as shown, and the 
resulting wave traversing the tube at the rate of 330 metres a second strikes the obstruction, and is 
then renected against the diaphragm, which in its turn reflects it to the obstacle, whence it returns 
to the diaphragm. By this means indications are marked on the recording cylinder, and if the 
interval of time between the flrst and second indications be recorded, the distance of the obstacle 
from the membrane is easily ascertained. The chronograph employed is provided with three points ; 
the first of these is placed in a cirouit, which is closed by the successive vibrations of the diaphragm ; 
the second corresponds to an electric regulator, marking seconds on the cylinder ; and uie third 
subdivides the seconds there marked. Fig. 1859 indicates a record thus made. In this case the 
obstacle is situated at a distance of 62 metres, and the vibration marks thirty-three oscillations a 
second. Tlie interval occupied by two successive marks from the diaphragm on the paper, corre- 
sponds to twelve oscillations, and the distance of the obstruction is then calculated by the following 
formula ;^ 

12 
D=:'5x330x55 = 60 metres ; 
• So 

80 that the distance of the obstacle is recorded within 2 metres. 

Amongst the special causes of accident may be mentioned, the accidental absence of a piston to 
the train, oreaking of the piston, and the freezing up of a piston in the tube. 

PUMP. 

Blake's steam pump possesses several novel features, the leading one being a combination of two 
slide valves which render the action of the pump positive and continuous under any pressure, and 
working at any rate of speed, fast or slow. 

Fig. 1864 is a longitudinal section of the Blake pump, as made by S. Owens and Co., London, 
Fig. 1862 being a section and plan of a secoiidair cylinder which contains an auxiliary piston for 
actuating the main valve, whilst Fig. 1863 is a half-end elevation and cross-section of this cylinder. 
Fig. 1860 is a plan, elevation, underside view, and the upper part of Fig. 1861 an end elevation of 
the auxiliary valve ; the two lowest sections in Fig. 1861 being sections of the main valve. Both 
the main and auxiliary valves are plain fiat slides, the main valve being a common D valve and the 
auxiliary a valve of the form shown. The latter, being attached to a r^ which receives an impulse 
from the main steam piston, is moved with the same absolute certainty as is the slide valve of an 
ordinary engine driven by an eoeentrio. The secondary cylinder is mounted on the primary or main 
cylinder. The ordinary spring-ring steam piston, which it contains, diives the main slide valve 
which works on the upper face of the auxiliary valve. This valve has three ports of equal area, 
which correspond in every position with the ports of the main cylinder. 

In working, if the main piston shonld attain a velocity in excess of the piston which actuates 
the main valve, the piston strikes the tappet, Fig. 1864 , projecting through the cover into the main 
cylinder. By this means a lead is given to the main valve, steam being thereby admitted in front 
of the piston forming a cushion, and giving steam to start the piston on its return stroke. It wiU 



be obsrared tlut lite aoiiliary Talre Itu two Rlot> cut in Ita nndenide as in Fig. 1S60. These slota 
oommnnioate with the main eihaiut panage, and also gire iteam from the valve cheat to both enda 
of the auxiliary, or main valve pistmi, allemale!;. The reault of tLia i«, that directlj the aniiliarj 
valve is thrown over by the action of the tappet rod, steam is given on one aide of the anxiliary 



pieton, and exhatut Cakes place on the other. On the oppoaite aide of the aniiliarj vslve^ the upper 
aide in Fig. 18G0, another slot is formed, which at the right mament enablee a small qoantity of 
ateam to paas to the ezbaiut aide of the auxiliary pirtoQ, and ao to form a cushion to prevent 



it striking the cylinder cover, tn these combined operaljons do waete of eteam ocoors, as it is 

retained, and gives out its useful effect on the retnm stroke. 

The result of this ingenions combination of valves is a perfeolly oontinnona action without 
dead point, and unasijisted by extraoeoua means. This 

is attained without any complex internal arrangement, "^- '^''' 

and withnnt the presence of parts which arc liable to ^^^^^ 

git out of order. Of the excellent working of the t^^^^ne) 

lake pump *t extreme ranges of speeds, the following a^^^^- 

experifflents are a proof, A 5-in. pump with an S-in. Jr^T^ 

st^m cylinder having a ]2-in. stiiike was started to ,^^i^^^^\ 
work at 155 single itrokea a minute, and tlie speed (gW^ ^k\ 
was varied down to 26 strokes. II was then again ran |Sa ■ I 

up to a high speed and suddenly set, with the delivery I^, jf I 

tliroltled to represent a head pressure of water of V"^,. .^.^ t 
230 ft, and wilh an average steam preesnre of 40 lb. XT^^^vC 
to run at the rate of one stroke in twelve minulee p i .^'^ ^,^^^^^,. ^'^ j 
or five strokes ui hour, delivering water Ibrongbout. 
Wa thus have a piston speed of 1 in. a minute or 5 ft. an hour, and a continnoua detiveiy of water. 

It is neediest to observe that luoh a slow speed as this could not possibly be leqntred in pracdoe, 
but it illiutiatM the leliablUty of the pump either in quick or alow working. 
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The principal details of tbe sv-am pmnp devued bj W. Widker, and miule hj Cltjion, Bun, and 
Hewlett, of LondoD, are indioated in Figs. IB65 to 1867. Fig, 18G5 is a Bide elevation of the pump 
with the Bteam cjlindei in section ; Fig, 1S67 being ■ transTene section throneh the oentm of the 
OTlinder at A ; and Fig, 1866 a nniilar section through tbe end at B. Althongh, from the descrip- 
tion, the pump appears somewhsit complex, it is not really so, tliere being but two moTiug parts, if 
we except tlie pump TiilTes. 

The piston U formed with two heads conneoted together by a barrel the heada being packed and 
fitting the interior of the steam cylinder. At about the centre of the length of the cylinder is an 
annular partition in which tlie barrel slides steam ti^ht. A key fixed in the partition and enter- 
ing a grooTC formed in the barrel prevents it from rotating. The steam cylinder ia formed with a 
ctum^r aboTB it, which receives the slide valve. The valve oonstatB of two parte, which are con- 
nected together b^ a link. The two sections of the valve ore formed wi^ paaeageB. which serve to 
eslabliah communicationB for the flow of steam, from tbe annular spaces between the piston barrel 
and the cylinder to the ends of the cylinder. The valve has reoensee which at the proper time 
establish oommnnications with the eihanst passages. The valve is not required to be quite iteam- 
tight within the chamber, and tliercfore h not pecked, Bteam is admitted to the central space 
between the two sectiotia of tlio valve through an opening at the top, as indicated by the arrow, and 
part of the steam finds its way by Ivokago into the end spaces of the valve chamber. A psKaage 
lomed in the cylinder cagting extends from the left end space of the valve chamber, to a port fonned 
in the central partition, bb tepreeentoii by the dotted lines in Fig. 1865. A similar poaaage extends 
trom tbe right end space to a second port formod in the partition, bat as the passage is tbrmed in 
the part which is cat away in Pig. 1865, it does not appear there. 

Two passHgee are fonned in the barrel, in such a manner and in such positions as that, when the 
piston approoohes the termination of its stroke in either direction, oneof theee poasages will oonneot 
either ot the passages seen on the left and right hand of the barrel in Fig. IS6T. with an upper 
passage which extends into the exhaust. Tbe effect is, that steam will fiow from either of the 
spaces at the ends of the valve chamlier into the exhaust, and the equilibrium of pressure upon the 
ends of the valve thus being distnrbed, tbe voire will be moved in the direction towards the space 
which has been so exhausted. Supposing the parts to be in tbe positiona. Figs. 1665 to 1867, high- 
presanre steam would be passing through tbe port to the right of the oontrol annular partition, into 
the «"""<■" spaee at the fore end of the piston, and at tbe same time the steam, which had acted 
during the immediately previous stroke, would be passing throagh the port and passages to (be 
left of the annular putition into the apace next the cylinder cover in which the steam would 
expand, and the piston would, therefore, be propelled in the direction indicated by the arrows in 
Fig. 1865, the exuanat steam Sawing from the front end of the cylinder into the exhaust passage. 
The movement of the piston in this Erection would continue until the piston had moved into posi- 
tion to connect the left-hand and npper pasaages, Fig, 1867, when steam would pass from the left- 
hand space in the valve chamber into the exhaust pasoage, and the excess of pressure within tlie 
•pace at the other end of the chamber, would force the valve towards the opposite end. 

The effect of this movement of the valve would be to open tbe port on tlie left of the annular 
partition for the admission of high-pressnre steam into the annular apace on the same side, and 
to establish a thoroughrare for the flow of expanding steam, from the annular space on the other side 
tbroDgh the passages above it into the spooe in front of tbe cylinder, the passage near the cylinder 
cover oeing made to communicate with the exhaust passage, whereby the reversal of the direction 
of motion of the piston is effected. A starting handle is provided in order that the valve may be 
worked by hand when the pump is to be set in motion after being at rest. The handle is mounted 
on a toeking shaft on which a lever ia fixed which gives motion to the valve when tbe shaft is rocked 
by means of the handle. The pump itself possesses no specinl teetures, being of the ordinary form. 

These steam pumpa. it is stated, effect a very marked economy of fuel. They work high and 
bw preaaoie expansively, and will deliver a constant stream of water at any ordiuuy height. 




Pigs. 1868 to 1871 ore of one of Hayward Tyler and Co.'s " Univeriol " steam pnmpe, with the 
slide valve arranged on the outside of the cylinder. Fig. 18G8 ia a vertical longitudinal section 
throngb the cylinder and valve obest; Fig. 1869 a horiiontal longitudinal section through the 
valve chest; and Pig. 1870 a croea-section tbrongh A B, Fig. 1868, Fig. 1871 is also a cross- 
secUon of the valve chest token through. the centre of the exhaust port. When the main piston 
poaaes ovd tho ports X X' in tbe cylinder, steam is admitted to the ports Y Y' in the main slide. 
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which porta Bgain aammaiiiaate wiUi the bduII slide through the potia Z Z' to either end, oa the 
oaae may be. The smail slide is then moTed over, nod sapplie* steam to tlio alternate ends of Ibe 
moiD slide, and the ports Y Y' are placed in proper podtioa Tor the return stroke : when the ntore- 
nient is revetsed the same prooees is enacted, the ports X Y Z or X' Y' Z' come into use alternatelj, 
as the piston passes to the ends of the cylinder. The exhaust of the small slide is effet^ in a 
similar manner, bj its ports coming into aUgnment with a port !□ the main exhatut port This 

Jump works veil, and reveisee slowly at the end of its etrcdce, allowing time for the vnlTes to falL 
t also eaablos a given length of steam cylinder to aooommo- 
date a loogor stroke than is posuble with Uie ordicar; iste. tali, 

amuigement, and some, in addiiion, enable the Tnlve to be 
worked bv hand if required ; thia is at times a coDTenience. 
Figs. 1872 fo 187* are sections of the steam cylinders of 
Cherry's oompound ateom.pnmp, made by Tangye Biotbeis, 
Birmingham. The low-preasuro cylinder B aorrounda the 
bigh-preasora cylinder A, the low-pre«siire piatou beloK 
annular, and having two piston rods which are ktlaohed 
to the same orossheod aa the tod of the high-preasore ~ 
cylinder, which is fitted with a liner, the apaoe Mtween 
this liner and the cylinder forming a stetun jacket from which heat i 
cylinders. 

The distribution of steam to both cylitiders is effected by a single slide tbIto e, the paaiDgee for 
the high-pressure cylinder being fomed in the oylinder oovers. At the ends of the vatve cheat are 
shorteylinders a andt, containing pistons which are both cast in one pieoe with a ooimectiDg bar 
having steam paanges formed in it From this bar a <^Iiiulrioal boas projeota downwards, and 




9 radiated into both 




in4. 



enters a snitoble bole In the maia valve e, any motion of the two pi«toiLS joat mentioned being thoa 
oommuuieeted to the main valve. The boas on the connecting bftr it hollow, ao that it forma a oos- 
uectlon with the exhaust cavity of the main valve. 

On the back of the main valve c is a small snpplementary ndre d, which is capable of moving 
transversely to the lino of motion of c, and which has on its back projecting laga placed obliqaely, 
and having a slidiog block fltted between them. A finger depending from a abort rooking abaft 
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takes hold of this sliding block. The rodking shaft passes oat through a staffing box at the side 
of the valve ohest, Fig. 1878. Oatside the Talve chest the rocking shaft carries a forked arm hiiYing 
adjustable contact pieces, which, at the ends of the stroke of the main pistons, are struck' by a 
pendulum lever connected by a link with the main crosshead, shown by dotted lines in Figs. 1872, 
1874. 

When the main pistons are approaching one end of their stroke, for instance, that to thd left 
hand of Fig. 1872, tnen the pendulum lever strikes one of the contact pieces on the forked j arm 
carried by the rocking shaft, and partially rotates that shaft. This movement shifts the sliliing 
block on the back of the small auxiliary slide valve, and causes the valve to move transveitoly, 
thus uncovering one of the auxiliary steam ports. Fig. 1873, and admitting steam to the ijhort 
cylinder a at the end of the valve chest. T\ub admission of steam shifts the main valve towardii the 
right, and thus admits live steam to the left-hand end of the high-pressure cylinder, at the same time 
placing the left-hand end of the low-pressure cylinder, and right-hand end of the high-pressure 
cylinder, in communication. The main pistons then conunenoe their stroke towards the right. 
In addition to the transverse movement of the auxiliary valve admitting steam to a, for the 
purpose of shifting the main slide valve, immediately that valve begins to move it would, through 
the effect of the inclined slides at the back of the auxiliary valve, shift that valve so as to cut off 
steam from the auxiliarv cylinder a. The effect of this is that the quantity of steam admitted to 
the auxiliary cvlinder at raoh stroke is only that sufficient to start the main valve, the remaining 
movement of that valve being effected by the expansion of the steam in the auxiliary cylinder. 
Beferring to Fig. 1874, it will be seen that a simple arrangement is provided for cushioning the 
auxiliary pistons. This consists of a tube in each auxiliary cylinder, which fits and slides in the 
corresponding steam passage leading to that cylinder, this tul>e being perforated so that the steam 
can pass out from its interior into the cylinder. The movement of the corresponding piston covers 
the perforations in the tube, before the end of the stroke is reached, and thus shuts sufficient steam 
into the cylinder to form a cushion. 

A steam pump. Figs. 1875, 1876, by Hayward Tyler and Co., of London, has the compound 
system, and the valve gear, invented by Obpe and Maxwell, acts ujpon the principle of controlling 
the rate of movement of the eng^e to which it is applied, by the now of a liquid from one end to 
the other of a cataract cylinder. 

From Figs. 1875, 1876 it will be seen that the two steam cylinders and the pump cylinder 
are placed in a line, the high-pressure piston rod a and the two low-pressure piston rods a' a' being 
connected to a crosshead, nom which an arm b projects downwards, Fig. 1875. The lower end of 
this arm is coupled by a link c to the lower end of a lever J, carried on a rooking shaft e. This 
rocking shaft also carries a pair of arms f, which, by means of a pair of links /*/, are coupled at g 
to a pair of levers • h vibrating on a fixed centre at A. These levers are also connected at g bv links 
g* g' to the base-plate If having cast in one piece with it the two cylinders m n. This bea-plate, 
with its cylinders, slides on suitable guides formed on the girder carrying the fixed centres e 
and A. This motion we will explain presently. 

The levers A t, at their upper ends t, are capable of operating on striking pieces Jj\ adjustable 
on the ^indle of the slide valve A of the small steam cylinder m, the outer end of this spindle having 
formed m it a slot through which a hand lever passes. The second cylinder n, on the sliding bed- 
plate /, is a cataract cvlinder, and its piston rod ois coupled to that of the cylinder m, and through 
the latter to the spindles of the slide valves p and q belonging to the main cylinder r and s. The 
cataract cylinder is filled with vrater or oil, and the flow of this liquid from one end to the other 
is controlled by the valve v fitted to the bye-pass channel, as shown in the sectional plan, Fig. 1876, 
which also shows how the steam is led to and firom the valve chest of the small cylinder m by the 
sliding steam and exhaust pipes t and u, respectively communicating with the steam inlet and 
exhaust passages of the main high-pressure cylinder r. 

When the parte are in the positions indicated in the figures, the slide valves are all at the 
middle pointe of their travel, and the steam is thus shut off ^m all the cylinders. If the engine 
is started by moving the slide valve of the small steam cylinder m towards the left, so as to 
admit steam to the right-hand end of the cylinder m, the effect of this will be to cause the 
pistons of the cvlinders m and n to move towards the left, at a rate controlled by the adjustment of 
the valve v in toe bye-pass of the cataract cylinder n. 

But the movement of the pistons in the cylinders m and n, also causes the movement of the slide 
valves p and g of the main cylinders r and <, and thus admite steam into the right-hand ends of 
these cylinders, causing their pistons to move to the left. Again, this movement of the main 
pistons carries the arm b to the left also, and through the intervention of the link c, lever J, and 
arms /, shifts towards the right the sliding bed-plate / with its cylinders m and n. But the 
cataract cylinder n, in being thus moved towards tne right also carries with it ite piston, which is 
connected to the valve spindles of the main slide valves p and g, and we thus see that the move- 
ment actually imparted to these valves must be equal to the difference between the movement of 
the cataract piston towards the left in ite cylinder, and the movement of that cylinder itself 
towards the right. 

So long as the main pistons do not tend to make a stroke at a higher rate of speed than that for 
which the cataract is set, so long will the movement of the cateract piston in ite cylinder suffice to 
keep the main slide valves shifted towards the left, thus admitting steam to the right-hand end of 
the main cylinders, and causing the main pistons to move towards the left, if, however, the 
engine moves too fast, then the movement of the bed-plate / and cylinders m n, towards the right, 
under the action of the levers d and /, overpowers the movement of the cataract piston in ite 
cylinder, and shifts the main slide valves towards the right, thus shutting off steam from the right- 
hand end of the main cylinders. 

This continues until, as the main pistons approach the end of their stroke towards the left, the 
upper ends of the levers A t come into contact with the striking piece >', and shift the smidl slide 
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•t iteun to ths ojlindai m, Mid emalng 

.. .J M of thii ii, that fur a shott period, tha 

piitoii of the ojrlinder m m well ai th&t cjlindei' itaelf, both move towards the right, and the main 
Uide TalTM p and i are ^hiw pnihed over, reTenlng the admiMton of Bteam to the main cjlinden. 
Dnrinj; the moTement of the main plalODB &om left to right, the game action sa that aboTe 
deacritied taltEg plaoe, bat the parts moie ia oppoaite direotiona. 

One effect of the action of this Talva gear ia to produce a paoae at («ch end o( the stroke of the 
main pigtons, thus giving time for tlio pump valres to oloae properly. TliB compound pumping 
engine, Figa. 1875, 1876, tiaa steam ojhndera 12 in. and 24 in. in diamelai vilh 30 in. stroke; 
the pmap, which is doable acting, having a cylinder 7 in. in diameter. 

The pnlsometer iuventsd by Hall ia a somewhat sin^lar bat simple direct acting steam pomp. 
Fig«. 1877 to 1879 illnstrate one of the rorm* of this pump, made by the Pulsomet^ Encfineering 
Omafiaij, London. The sppamtos ctmaUti of two olianibera, A A, which tetininate at Ue top in 



tupering necks, leading to correaponding openbgi or passages in an npner easting J, to which the 
steam pipe K Is also oounecled. Tbia casting J contains a spherical toIto, capable of closing the 
openinga leading to either of the chamben A A. At the bottom of the ehambera ore Inlet nlyes 
BE, covering openinga communicating with the anctiou pipe C. Adjoining (he chambers A A, 
and communicating with them by suitable pessagae, Figs. IS73, 1879, there ia also a third 
chamber, fitted with the discharge Talves F F. Between A A, and cast in one picco with them, 
is an air Teasel B, which is connected only to the auotton, but whiob in aooie of the pnlsometer* ia 
divided bj a partition, so as to form both suction and 

delivery air Tcssela. Near the lop of each chamber '^'^- 

A A are provided small air valves, opening inwards. 
Having charged the apparatus with water, and steam 
being turned on. the steam passing down the pipe K 
will entor one or the other of the chambers A A, 
acoording to the podtion whioh the small valve in 
the casting J happens at that moment to occupy, and 
pressing nu the surface of the vatur in that chamber, 
will force it out throagh the discharge valve. Daring 
this process, owing partly to the shape of the chamber 
and the consequent steadiness of the water aur&oe, 
the condensation of the stram will be small, but im- 
mediately the level of the water falls to that of the 
discharge passage, the steam rushes out through 
that passage, and in doing so disturbs (be water, and 
cnnse* It to be thrown up amongst the steam, thus 

inducing the rapid condensaCon of the latter. The effect of this is that a vacuum is suddenlv 
formed in tho chamber in which the steam has just been acting, and the water rushes in through 
the suL'tion valves, the small ball valve at the top being at the same time dmwn promptiv over, thus 
abutting off any further supply of steam (Yom the cbambet which baa been acting, and admitting 
steam (o the oUicr chamber, where the same series of operations ia repealed. Tlie small air inlet 
valve fitted to each chamber A, oomes into action when the vacunm ia formed within the chamber, 
and by partially destroying the vacuum, checks the rush of the water as the chamber fills, and 
thus prevents tho bell valve at the lop from being thrown off its scat by the impact of the water. 
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u might otherwise occnr, Tlie air, by nrBraiting the intimate eootact of tbe steam and water, 
also seems to check the condenBatlon ot the fonner. Tlie Takes med in the pnlsometer are 
worthy of notice ; they are, a* will bo seen, clack Talvee, closing on wooden seats, and fitted with 
wooden attiking blocks at the back. They are amnged so as to be very readily aocessible. 

We are not in poeaessioD of any precise data as to the steam oongnniption of the pnlsometer, 
when doing a known amonnt of work, but it is slated that, allhoagb not pretending to any 
high degree of economy, yet the instrument can compare faToarably, as regards steam oonsumption, 
with many steam pumps now (n use. Apart from any such qoeetioD, however, the handiness with 
which the pnlsometer can be applied in many ont-ef-tlie-way sitnatioos, and the small attendance 
it requires, will commend it for use under a variety of oircnmstanoes. 

A most insenions form of centrifugal pump is the helical pnmp, inTented by John Imray. It 
was thought that if it were possible to canse a series of blades B B, Fig. 1880, to move throDch 
a liqaid contained in a canal 0, in a direoUan ss nearly as possible coincident with Chat of the 
canal, a current wonld be set up anri maintained in the liquid at a velocity very nearly equal to 
that of the blades. Obviously tliis arrangement in a straight canal is impoeaible, because tlie 
■eries of blades would have to be inGnitely extended, and there would be no means of cIcaiAg the 
liquid in at the points where the anccesiive blades enter and leave the canal. ■ It seemed possible, 
however, to apply this principle, by arranging the blades aad bending the canal round the 
circumfetenoe of a ciicle, in winch ease, the canu being iucliued to tlie plane of tevolntion of the 
blades, would neoessarily be of helical form. 

The construction and action of the bolical pump may be i1Iaattat<<d by imagining that a large 
•hallow nut is tapped with a screw tbtotd, makmg only two complete turns in the len^b of the nut, 
the space between the threads being about eight times the thirkneea of Ibe thread, as shown iu the 
diagram, Fig. 1881; and the helie;U channel iaeitendeiltnngeiitially outwards acertaindistanoe at 
each end of the nni A cylindrical recess is turned out of tlie interior of the nut in the centre, to 
tlie same depth aa the thread, and leaving a portion of the thread on each side of it, as rfiown by 
the dotted rectangle. Fig. 1681 ; and into tliia space is introdnned a simple paddle-wlieel, with a 
boss on each side, filling np the aperture of the nut. This eombioatioD then aaonrately representa 
the helical pnmp ; the hoad of the net forms a 

chanuci of square section, with a tangential inlet ism, issi. 

ou the one side of the nnt, and a tangential out- 
let on the other side, the body of the channel 
being carried helically round, so as to present an 
oblique opening on each side of the wheel to the 
spaces between the blades. The channel being 
enarged with water, and the wheel being canted 
to revolve, the water caught between tlie blades 
it carried round with them, and gradoally shanted 
aeross their width by the inclination of the helical 
sides between which it revolves, as in Fig. 1885, 
which may be taken as a developed view of a por- 
tion of the drcumference of the wheel, and of tbe 
helical passage to and from the wheel. The water 
ihoa becomes a ourrent, entering by the one tan- 
gential passage aud issuing by tbe other, with a 
Telocity nearly equal to that of the wheel blades. 

Fig. 1882 u a longitndiual section of the wheel 
and one-half of the casing ; Fig. 1683 is a plan : 

Pig, ISSS a transverse section ; Fig. 1884 ii an edge view of the wheel. Tbe casing is made in two 
halves, both to the some band and oast of tbe same pattern, bolted together and enclosing the 
wheel between tbem. Each half has a tan^^tial pessage A, one of which serves for inlet and the 
other for outlet, the direction of ourrent being determined by the direction in which the wheel is 
made to revolve ; the oanal, beginning from the inlet passage and terminating with the outlet, is 
carried round two oomplete screw turns, the helical partition which would separate the one turn 
from the other being omitted to give room for the wheel. It will be readily seen that tbe work- 
manship necessary to St up such a pump is of the simplest aud cheapest character. The casings 
have only to be bored out in the centre to provide beannga for the shaft, and faced on the flanges 
to make a tight joint when they are hotted tiwether; and for the wheel it is only necessary to 
bore out the boss and key it on tbe shaft. The bnsaes of the pump casing in which the shaft works 
require no glands, because owing to tlie centrifugal action thnie is always a suck in. Practically 
these bearings are lubricated with melted grease, whioh is drawn in very freely while the 
wheel revtdvee, and which, setting when the pnmp stops, eCfeotnaliy seals the bearings against 
leakage. 

The blodee nsually employed are bent a little forwards at the entering edge, and backwards at 
the leaving edge, as at D D in Fig. 1881, rather for tbe pnrpote of stiffening them by tbe cortoga- 
tion than for aocommodating them to the flow of the water. 

Bome experiments were made with this pnmp to ascertain the effioienry in respect to the powtt 
expended in working it. The resnlt of these gave as the work done 68 per cent, of tbe power 
applied, 42 per cent, of the driving power being lost in friction or otherwise. When the engine 
and pump were worked without water at the same speed, the friction was found to be about 
14 per cent, of the total power which bad been applied to pnmping. As this was the friction 
while no work was done, and consequently while there was little strain on the moving parts, it 
might probably not he incorrect to assume that the total friction of the engine and pump while 
doing work must have been nearly double, or at least QA per cent, of tbe total power developed : 
adding this estimate to the S8 per cent, of octnal efHcieney observed, the total 83 per oent 
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an applied to drire the pomp, then the actual 

work performed bjiL that is to My, theweight 
of water mnltiplied by the height to which it 
ii raited, will smoont to abont SB fL lb., the 
friction oF the engine and pamp beiog about 29 
ft. lfa.,and^BloB8b}ra1ipbeingaboDt 17 ft. lb. 

FigB. 1S86 to 18S9 are reepectivelv a plan 
and section of the wells and pnmpe designed 
and erected by J. and G. Bennia, for rapidly 
emptying the dry dooki at Chatham. 

The rollowing conditions were rGqniied to 
be folSlled in the dedgn for the pnmm. Tliey 
were to be capable of removiog the mtet 
from two dooki aimultanconsly in fbnr hours, 
into the basin and without 6' 



from the r 



pmnplng Into the basin and without djs- 
ir In the docks and basta riandlng at 27 ft. etwve the aills of the 

..._ nent of (he pumping. The pnmpe were also required to raise 

>t below the bottom of tbe dock oulvert, and ducharee into (he basm, or to pump 
T into the baein direct, in order to raise the level of tne water in the baaiD when 
wanted. It was in addition coniiidered desirable that iD emptying tho docks the water eboald be 
lowered as rapidly as possible to the level of the brood altar oourse, indicated by dotted line B, 
Pig. 1886, thu depth being 15 ft. below the top, or 27-fL water level, and estimated to contain 
aboDt 18,000 tons of water. Tlie remaining deplh l¥om tliis point to tbe floorer liollomof the dock 
la 15i it., containing about 12,000 totu of water ; so that the total quantity of water to be pumped 
out in fonr hours was 60,000 tons, tbe lift increasing from zero to 30| ft. 

These requirements have been mot by having recourse to diiiding the lift for the lower portion 
Into two parts, by placing the two pumps at diC^reul levels, each pnmp lifting tbe water tbrongh 
only half the total beigh^ to that neitherof them has to discharge agauutagrcatarheodof water 
than about 15 ft. 

This arrangement renders II necesnri' for 'each pnmp to be placed Ju a separate well, with 
separate suction and discharge enlTerts, bnt with a oommnnication between the two wells, above 
the discharge of the lower pnmp into the suction of the upper pnmp ; and with the means of 
opening or closing this communi(»tion at pleasure by a sluice or penstock. The culvert C from the 
docks to the pump suotion is 7 ft. diameter, and abimt 1050 ft. tengUi, dividing just outaide Uio 
pumping engine-hDuse into two culverts A A, each 7 ft high by 3 ft. wide ; a sluice is filed in Ihe 
Dinin culvert at the junction, as well as an independent sluioe in each branch culvert. Tlie pump- 
it ells are 11| ft. diameter, with a total depth of 55} ft., and are oonatruoted in brick, with granite 
copings and foundations. 

The centhfugal pumps and wells are abown in tbe section and plan. Figs. 1886, 18S7. The 
pumps E E work horizontally upon vertical sbafla F, which have bevel wheels 3 ft. 8 in. diameter, 
tlxed on their upper ends, driven fay 6-ft. wheels npon a horizontal abaft G. 

The pomps are carried by ooltats on tbe shafts and are keyed upon them ; tbe pumps and shafts 
are held oentral by girders fixed across tho wella and stayed hv short girders at right anglea. The 
lower bearings of Uie shafts ore cased with gun-metal, aud work in llgnum-vitn bushes without any 
end bearings, H, Fig. 1888 ; and the bearings at the upper ends of tbe shafts are formed of a scries 
of collars working in gun-metal, I, Fig. 1886, which carry the weight of tbe pumps and shafts and 
of tbe column of water in the centre opening of the pnmp. By means of screws the level of the 
pnmps can he adjusted, so as to give a minimum clearance between the rotating part of the pumps 
and the fixed part, with the least loss from clearance and the least amount of friction. 



„ . . it Iron, and of a Torm that bM been adopted by 

I found, bj eiperimeDt. that ths ofdinaiy form of ceutrifugal piuii]M, 
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lat point 
quooUT adopted Toi the anui of the pumps. Fig. 1S89 ; it haa k cloae resemblance to the oarfe 

•dvooaled b; Appold. 

The operation of emptying the dooki is performed ai follows: — At tlie commencemetit of the 
pumping, the water ataading at the same level in the dork as in the baein, namely, 27 fL above the 
iill and 30} fL above the Hoor of the dock, the alui(« K between the two pump welU la closed. 
Fig. 1886, and each pump haa then a separate auotion ftvm the main culvert of the docks, and 
diochargen independcntlj into the beain ; but both pmnpa are drivtn at the same velodtj by the 
engine and first motion abaft. This continues until the water is lowered the first half depth of 
IS fL dowQ to the broad ultar level ; the suction of the upper pump from the main culvert is then 
closed b; thesluiceL, Fig. 1867, and the sluice K between tlie two wells is opened, so that the lower 
pump drawing From the main culvert diBcbargoa inte the suctiou oF tlie upper pump, which in its 
turn discharges into the bssin. Thus, although the total lift fur pumping iucreaacs from coro up to 
30} ft., each pump cao be proportioned as rc'gards both siie and velocity for a lift increasing ttoat 
aero np to only about 15 0. 

With this arrungemeut the average discharge a minute for each pump, as the water talU 
llirough auocesaive depths of 5 ft. from tho highest level, was estimated to be as fijllows ; — 
1st 5 fL, pumps making about 70 revs, a min. disohftrge each MS tons a min. 
2nd 5 fL „ „ 80 „ „ 206 „ 

3rd 5 ft. „ „ 94 „ „ 147 „ 

Tbc total quantities of wator to be discharged for emptjing each dock through tho sncoessivo fl-fl. 
depths are about as follows ; — 

let S It., 6,300 tons, occupying 26 min. 
2nd 5 ft., 5.980 „ „ 29 „ 

3id 5 ft., 5,720 „ „ 39 „ 

Total 16,000 Ions, occupying 94 min. 
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The quantities of water to be discharged for emptying the lower half of each dock through 
suoceesive 5-ft. depths are ; — 

let 5 ft^ 4,600 tons, occupying 38 min. 
2nd 5 ft., 4,200 ^ „ 41 

8rd5ft., 8,200 „ „ 44 






Totol 12.000 tons, occupying 123 min. 

The discharge of the two pumps together through this lower portion, was estimated to be equal to 
the discharge of each of them separately through the upper portion, making the time about 
2} hours for emptying the lower half of the two docks from the broad altar level to the bottom of 
the docks. The total time for emptying the two docks is thus 4 hours. 

The sluic^ with the exception of two, are single faced, of cast iron, with gun-metal faces. 
Figs. 1886 and 1887. The hydraulic cylinders by which the sluices are worked are proportioned so 
that any sluice may be raised or shut in about two 

minutes; the cylinders are lined with copper, 1888. 

and are double-acting. Wherever the height 
above the head of the sluice is limited by the 
ground level, the hydraulic cylinders are placed 
horizontally underground, and the sluices are 
then weighted sufficiently to shut them against 
the pressure of the head of water. Where the 
pressure from the head of water in the culverts 
may be in either direction, two separate sluices 
are used in the same well, with their faces in 
ophite directions ; excepting in the case of the 
sluice K, Fig. 1886, between the two pump wells, 
and also^ the one situated at L in the branch 
suction culvert to the upper pump, where special 
and somewhat novel arrangements are adopted. 

The sluice at L, in the branch suction culvert 
to the upper pump, is made with two parallel 
faces, with a small clearance between these and 
the iron frames fitted in the masonry, in order 
that it may go down easily into its place ; the 
pin-joint in the rod working the sluice is also 
made with a similar clearance, so that the sluice 
door is free to cloeo tight upon the face against 
which the pressure forces it By this arrange- 
ment considerable economy is effected, as an addi- 
tional ram is saved, and ttiere is also less cost in 
the manufacture of the sluice thus made than in 
making two independent sluices. 

The sluice K, oetween the pump wells, is made 
of a wedge shape, fitted with hara wood on the 
bearing surfiEMses, resting on granite facings. The 
hydraulic cylinder for this sluice is horizontal 
and single-acting, the weight of the sluice being 
sufficient to close it. 

For drainage purposes, a separate well is pro- 
vided at M, containing two bucket-lift pumps of 

20 in. diameter and 33 in. stroke, worked oy a i889. 

small pair of engines with 14 by 18 in. cylinders. 

These are almost constantly at work for pumping out the water leaking into the emptied docks ; a 
pair of sloices at N N, worked by hand, admit the water from the branch suction culverts A A to 
the drainage well M. Tliese pumps also give the means of emptying the two main pump wells, so 
that the main pumps can be left dry and accessible at all times when they are standing. Self- 
acting flap-valves opening outwards, made of wood and leather, are placed at P P in each of the 
main discharge culverts, for preventing the discharged water from returning into the pump 
wells. 

PYROMETER. 

In nearly all the processes connected with metals and their alloys, constant reference is made 
to the temperature at which certain operations have to be performed. The instruments used for 
observing these temperatures are known as the thermometer, or measure of heat ; and the pyro- 
meter, or measure of fire. 

The first is employed for all temperatures up to that at which mercury boils ; the second is 
more particularly used to ascertain those higher temperatures in which the nature of a thermometer 
will not allow of its direct use. The thermometer deals with a range of heat comparatively easy to 
register and observe, and reliable instruments may now be obtained, regulated to an extreme 
degree of precision. Although much ingenuity has been employed in the construction of pyro- 
meters, great doubt is felt with regard to their accuracy, more particularly at very high tempera- 
tures. There is yet room for improvement in this respect, as a delicate and reliable instrument 
for the observation of high temperatures would be of great service to scientific men and mana« 
facturers. 
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PTEOMETEB. 

le temperatnie mmt be taken jnrt beftve meltiiiK 
f liqueTactiou a certain quantity of Iktent beat i» abtorbed, 
ftad beyoDd that point the tempentore or the melted metal migbt rise aaiuidenblj, and make the 
obeeiratian iacorrcct; as a tbennometer csjiaot then bedirectl; applied, a pymmetei isem^oyed. 

NnmeioDB p;rometen have been derised b; utilizing the eipansioD of air from heat. This ii 
tbe priadpla of the pyromoterg of Bcbmidt, Petersen, aJid Ponillet Where theoe iiutrumeDta 
can be conreDientljr applied, tbe; are capable of fielding fitirl; aocnrste resnlti. 

The final indieatioOB of tliiB kind of pjrometer will of cooTBe be aniTod at by the laws of 
eipanuoQ of air and geaea bf heat. Begnault givea the amount of expansion of atmospheric air 
heated from 32= Fahr. 10 212° Fahr.. aa ■ 3665 or ' 3670 on its original bulk at 32° Fahr. 

Wcdgnood'a PTrometer waa founded on the property which olay possessaa of contnictiDg at high 
temperaturea. The apparatoa coneisted of a inetallio groove, 21 in. long, tbe sides of which con- 
verged, being half an inch wide above, and three-fenlh» of an inch below. TUe clay was made 
up into little cylinders, or tmnctited oonea, which fitted the tup opeuins of tbe groove when they 
luid been heated to redness; and their subsequent contraction when still further houted waa shown 
by their sliding gradually down the groove till they arrived at a part of it through which they 
could not pass. 

Thii measure of beet [s no longer employed by seientiflo men, as its Indications cannot be relied 
npon, owin^ to the Tariationi in the qnalitj of clay; but there are times when the principle 
inToIt«d in its eonstmetion may be or ose for rough appnixiDiatioDS of high temperature. 

Wedgwood divided the whole length of the groove into 240°, each of which he Huppoeed eqtial 
to 130° Fahr., and he filed thezeroofhlB ecnleat tbe 1077th degree of Fahrenheit's thermomeler. 

Be aaanmed that the amount of contraction of the cla^ would be always proportionate to the 
degree of heat to which it might have been exposed. This is erroneous, for it is found in practice 
that a long-continued and moderate heat will cause the clay to contract to an equal amount as a 
Hcrcur heat applied for a short period. 

Anotlier proof of Its inaccuracy is to be found in the absolutely imposaible temperaturea 
recorded in some chemical books as being obtained by this instrument- 
Since the invention of the above In 1762, a number of other beal-measnren tune been 
constructed, of which ire describe the moat useful and reliable. 

The great majority of aubstances expand when heated, more >b>0- 

particululy the metals, and steel when heated expands more when 
tempered than when not tempered. 

In Daniell's pyrometer, ' the tcmperatare ia measured by the 
eipaoaion of a metal rod, enclosed in a case compoeed of black- 
lead and day, in fact, of the same aomposition as a plumbago 
crucible, in which is drilled a hole -^ of an inch in diameter, and I 
■ 71 in. deep. Into this hole the oyliDdrical rod of eoft iron or i 
platinnm of nearly tlio same diaaeter, and 6} in. long, la Intro- i 
AtKed, so aa to rest against the solid end of tlio hole; and upon \ 
the outer or free eod of tbe metallie rod rests a cylindrical piece 
of porcelain, called the lodei. When the instrnment is healed, 
the metal, expanding more than the case, preaaee the index forward, 
wliicli, by means of a wodge, is kept in the position to which it 
has been forced, when the instrument is lemoveil &om the fumaoe 
and cooled. A scale is then attached to measure the precise extent 
to which the index haa been pushed forward by tbe mttallic rod ; 
it thus indlcatee tbe difiereuoe between tbe eloDgatlou of the 
rJatinnm rod, and that of tbe black-lead case wbicb contains IL 
For its indications to be absolutely correct, it is necessary that the 
rod and the case shoald expand uniformly, or both vary at the same 

A very inconvenient circumstance attending the employment 
of this instrument is, that no indications of temperature can be 
obtained by it until it is removed from a furnace. 

Gauntlett's pyrometer ia constructed on the principle of observa- 
tions made upon tbe dilTereutial expansion of rods, or tulK'S, of 
brass arid iron. This cannot be relied upon beyond a point ap- 
proaching red beat, at which permanent elongation of the mclala 
sets in. Buch pyrometera are within limits, however, very useful, 
and several varieties are made, of which two are illustrated. Figa, 
1890, 1892, tbe former showing Carsatelli's and the latter Baile/s. 

The instrument made by Cursatelli, Fig. 1890, consists of a tat>a 
a of iron or other metal, screwed at one end into a metal oone b, 
having through it a number of transverse bolea c, and at tlio other 
end to a Sanged socket d, and inside the tube a there ia a second 
or smaller tube t of metal, tbe ratio of expansion of which by heat is 
different from the outer tnbe. This inner tube e is also screwed 
at one end to the metal cone A, and has at the other end transversa 
holes /, and a plug a, into which is screwed one end of a rod A, 
which peases throngh aatem i, sorewed and adjusted to tbe flanged 

aockot on the top of the enter tnbe, and afterwards held Arm br tbe nut i; and to this stem i 
is flxed a case provided with a di^ The other end of the rod A is in contact with a small 
block a, pivoted to an arm o of tbe toothed quadrant or segment p, gearing into a pinion on the 
spindle oarrjring the index hand, and oi the rod A ia moved up or down, Bccording to the expansion 
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or oontracUoD of tlie tnbea of metal, It gnea motion lo tbe tootbed qoedrant and pinion, and 
oatigennenUy to t)in Index band. Tbe liot 1>la>t ia ntMed tbroogh the inatniment bj iDserting the 
eone b into the lockBt of the ping of the tn;eTe-tiibe, or other niiUble plam, the onrrent paaaing 
through the ianer tnbe through tbe ho]ee at the top, between the inner and outer tubee, and out 
through tbe holm e in the oone. Tbe outer tnbe a bM e cover of vood, or other non-conduotinr 
matflrial, oodrcled by felt or cloth u for preventing tbe ndiation of heat firom the initroment, and 
eaablinE it to ho hand bid comfortably. 

IdW. H. Bailey'gpyrometer. Fig. 1891, an attempt ii made to p roa rr o a portion of tbe length of 
the rcidH employed non-pymmetrical, in order that when it beoomea nMeasary to pMK the stem of the 
Dyromctur tlimugh brickvork, aa in the oaae of a fumaoe, that portion oftbe vtem which iaaotnallj 
in the heat ahall nWe be ntiliicd for pjrotnetrioal parpoeea; Ibnaa more aocnrala fndioation of 
tbe heat ia obtained, and the permanent expaQdon of tbe materiab reilneed to a fd ' 



Arrangementa are made to return tbe index finger to lerowfaeu required, and there are alao Ivo 
haoda, one of which makes a oomplete revolution for every degree indicated by tbe other, and thna 
at every revolution of the smaller band tbe larger band will only move one degree, but in ita 
whole revolution wilt indicate the total heat. 

In Fig. 1891, A is a wrought-iron tube, patelng tbrongh tbe brickwork B, and ha*lQg a braaa 
or copper tube C, trrewed in on tbe other side of the brickwork. D ia a eominon wronght-iT'iD 
r>id connected with a quadrant at one end for actoatiug the index spindle, and which rod, being of 
tlie game material aa the tube A, only that portion of ita length which extends beyond the mouth 
of the tube A, Into the fnrnace or oven, haa any inQnenoe in indicating the teraperatnre of tbe 



furnace or oven, by the difference In ita eipanaion as compared with the bran or oopper tnbe C, but 
any other materials whioli oipand unequally may be employed, either in the tbnn of rods or tnbea, 
provided that ttie tube which pedses tbrongh the brickwork ia compensated tbr, bj an Inner lube or 



rod of the same malerinl and length as the tnbe or ceaing A, 

Id Figs. 1892. 1S9S, B is the index spindle carding tbe index band F, disa wheel O, and mill- 
headed kaob H, all Brmly seoored nprm the apindlo. I is a toothed pinion combined with a 
ratchet wheel J. which ia mounted looeely upon tbe spindle B, but is compelled to turn with it in 
one direction by the application of a spring pawl K, mounted upon the face of the disc wheel Q, 
and taking into the teeth of the ratchet wheel J ; the pinion I gears with the ordinary tootbed 
qnadnuit L, whiob ia connected with tbe internal tnbe or rod, upon the expansion of which, as 
compared with the exleroat tube, tbe indioating depends. This pinion acts upon the aplndle E es 
if it was flxed tbeienpon, but if, through permanent expansion of either of tbe differently expanding 
malertali employed, tbe index fiuger F faila to retnm to the starting-poiut, by turning the knob or 
handle H, tlie spindle may be turned in tbe direction of tbe arrow without affecting the poeition of 
the pinion, as the spring pawl K permila the dlM wheel Q to turn independently in that direotioD, 
and thus the iDStmment may be adjusted to the greatest nicely. To ascertain the fractious of a 
degree at lemperatare, a toothed wheel H ia fitted to the spindle B and gearing with a pinion N 
turns a polnt^ hand O, indicating upon a smaller dial. 

HacDonald's pyrometer is a melal or ponielun tnbe, filled with anhydrous nitrogen, and com* 
hined with a Bourdon gauge, provided with auitably graduated diala to indicate the temperature. 

Haier'e pyrometer oonsists of an iron tube endcaing a oentral rod or axle, ronnd which a spiral 
melallio ribbon is wound, one end of the sxle being fitted to tbe tube. During the proceee of 
heating the ribbon ia unwound, and causes the rotation of the oentral rod, which oonunnnicatee tbe 
rotary movemeut, by saitable mechanism, to the pointer moving over the diaL 

In Sleinle and Eartung's pyrometer thiee tubes are arranged, one within the other, tbe two 
Iniwr tubea being perforated thtonghout their entile length, and supporting the nsoal dial and 
indicator. The inner tubea also project beyond their covering. Tbe centre rod is fonned, for some 
part of its length, ef a sobd stick of grapnite. As soon as this Is applied to beat ita length is 
altered, and an indication of tbe same transmitted to the dial. Ueans are provided (br legiuatiiig 
the position of tbe painter. 
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The prinoiple of tbe meaanremeDt of high tampemtures founded apon the qnontit? of beat 
imparted to a given bulk of water, at some kiiowo tempentuie, bj plunging ther^n a heated body, 
id that upon wbich Wilson's pyrometer, Figs. 1S9J, 1895. is baaed. 

The iostmnieiit consiBts of a copper vessel A, capable of holiliog rather more than a plot of 
wator, and well protected sgalnst radiation by having two double casings aroiiDd it, the inner 
cootaininft ale, fmd the outer filled with fell. A good mercury 

thermometer B is fixed in it. having in addition to the ordinary laM, 

scale a am&U sliding Bcale C, graduated and figured with 50° to 
1° of tbe tberroometer scale ; there is also provided a cjlin- 
drical pieoe of copper D, accaivtety adjusted in size so that its 
total capacity for heat shall be Atb that of a pint of cater. 
In using the pyrometer, a pint of water is measured into the 
copper vessel, and the sliding pyromoter scale C is set with its 
Eoro at the temperotore of the waU-r, as indicated by Ihe mercury 
tlieriDiimetei B. The piece of copper is then attached to a piece 
of wire placed in ILe substance, the teniperuture of which it 
is wished to asoertsin, and is allowed to become heated for about 
two minutes, when it is quickly dropped into tbe water In the 
copper vessel, and raises the tempenture of the water in tbe pro- 
portion of 1° for each 30° of temperature in the copper ; the rise 
in tempcraturo may be read olTst once on the pyrumet«r scale, 
and if to this is added the actual temperature of tbe water, as 
shown on the scale of the mercury thermometer, the exact tem- 
perature is obtained. This pyrometer is found to be more 
accurate than others for such temperatures as will not melt 
platinum ; for still higher temperatures a piece of plaliunm 
would be used instead of copper, and tbe instrumeot would 
then be available up to (be higliett tempeiaturo Ihat platinnm 
would stand. Of course this inatrument cannot bo used lot 
taking ohssrvationB in inaocessible places. 

Another mode of utilizing a tliermomeler iu measuring 
high temperatures approximately is Main's pyrometer, shown 
in Fig. 1696. Here D represents a hot-blast pipe, and A tbe 
appnratua, whioh consists of three ooncentric oyliudricol vessels 
of copper or brass. In tbe inner chamber a delicate tber- 
moraeter is pisocd, and the hot blast conducted by the lube C 
from Che pipe D oirculates through the second cbamher, posiiiig | 
out by the tapered nozzle H. The onter space is flUed with a 
substance of low coaducting power. 

The temperature indicated by the (hermometcr does not, of 
course, represent Ihe actual temperature of the hot blast ; but 
to asoertain this, it is only necesnry Co insert a mttallic pyro- 
meter in the hot-blast pipe D, and compare the relative indica- 
tions in order to fix a ratla. Auj ratio desired may l>e obtained 
by a simple adjustment of the bore of the tapered noizle. When 
the abject is only to regulate the temperature of the blast this 
adjustment is not required, it being sufficient to note the 
degrees indicated by the ttiermometer when the blast is at tbe 
ordinarj working temperature, and thereafter maintain it at that 

In Tremetchini and Lion's pyrometer, a fire-clay tube u 
introduoed into the heat, and the hot air conducted from it into 
a copper tube, contignous to which a sensitive metallio ther- 
mometer ie plaofd, this latter being so arranged that its dis- 
tance from the copper tube is adjustable. If tba thermometer 
is placed at such a distimce that it always shows a particular 

degree of beat, then the temperature to be measured oorrespunilB "■"- 

to tbe square roots of the di a tenoe between it and the copper tube. 

The electrical roaislanceof metal conductors depends upon their dimensions, material, and Qpon 
their lemperntore ; an increase of the latter causing a oorrcspouding increase of resistance, 'rlie 
law of this increase is known. Thus, the resistance of a oonduotor being ascertained at 0° Centi- 
grade, it can be calculated for any temperature, and, vice versfl. if the resistance can be found by 
measurement, the teinperature can bo palculated. Ajid this is the principle upon wluch Siemens's 
electrical pyrometer, Figs. 1897, 1898, is based. 

A platinum coil of a knuwn reaiatanoe at 0° Centigrade is coiled on a cylinder of fire-clay, pro- 
tected by a platinum shield P, which is phiced in an iron or platinum tube, and then eipoaod to the 
temperature to be determined. Leading- wires / ' are arranged to connect this ooll with on iDstru- 
ment suitable for measuring its resistaooe, and from this resistance tlie temperature can be calou- 
laU'd. Those load lug- wires can bi! brought from the furnace into an ofllce, where the temperature 
could be read off, and recorded as often as required. 

Tbe rtsislanoe-maiBuring instrument supplied f<>r the purpose is a differential vollumeter. Tliis 
ooDsists of two separate ^lass lubt s, in (uch of whioh a mixture of sulphuric acid and water is 
decompoeod by an electrical current passing between two platinum electrodes. The gas which is 
generated is oollected iu the long cylindrical and carefimy-calibrHd top of the tube, and this 
quantity is read off by means of a graduated scale fixed bihind the tubes. 
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UoTsble rMerroIrs are pmTided, commnDicatiDg with tho tabes, fo regulate tlie level of the liquid. 
The eoTTent of the bntterr IB divided b;pas8mg a oommutator into two circuity onu of which consisti 
otaaartifidKl reBistancem the instrument and the ptattnameleotrodea in one tube : the other, of the 
reiittanoe to be inomred and the electrodes io the other tuba. The quuntitioB of gas developed in 
the two tabes are in reverao proportion to the reeiitances of their regpective circaita, therefore one 
of the Meiatanoea, n&melj, that in the in»tmmeiit, being known, the other can be calculated. 




The makaia give the following dlreotiona for oae ;— Fill the buttery glaasea with pure water, or, 
tn ease of the power of the batleiy decreasing, with a solntlon of sal-Mnmoniao in water. CooDeat 
the polei to B and B' on the commutalor. Bipoae tlie small end of the pyrometer tube, u fkr u 
the cone, to <he heat to be meaaared, and oonnect the termiaala X, X', 0, on the voltameter. 

The differential voltameter ia to be filled with the 
diluted BDlphurio acid throngh the reservoirs, the India- ""- 

rubber cnahions being lifted from the lop of the tnbci. 
The commatatoT ia to be turned so that the contact- 
springs on both sides rest on the ebonite. The liqnid in 
bath tubes ia to be regulated to the same level, 0° of the 
Male, and the indiuabber cnshionB to be let down again. 
The commutator is then given a quarter of a turn, and 
the development of gaa will commence almost immediately. 
The oommutator U tomed half round every ten seoonds 
to reverse the current, whioh is kept pasains nutil the 
liquid baa fallen in the tnbea to at least 50° of the scale ; 
the oommntator is then pnt in its first positioti, so that the 
contact-apriugB rest on the ebonite; the level of the 
liquids read off on the scales marked T T, and the scale 
marked V ; and these nnmbers found in the table. 
The intersecting point of the lines starting from theae 
figures gives the resistance of the ezpoeed coil in black, 
and its temperature in red figures. 

A sBtEBfactorT method for some porpoees is to use 
alloys and metals whose melting-points Iiad been previously 
determined, and E. Buchner has designed an apparatus, 
in order automatically to register the exact moment at 
which a given alloy melts in the interior of a furnace. 
It consists of a vertical tube of re&aclorj material, which 
dips deeply into the mnfSe; inside this a small crucible 
is bnng from a scale beam above-, in the bottom of the 
crucible is a hole, so that when the alloy melts it runs 
through into a dish suspended nnderaeaui. This cause* 
the scale beam to rise, and the motion of the beam, by 
electricol oontnot, rings a bell, and marks a dot on a 

sheet of paper travelled by olockwork ; this registers the exact time at whioh the melting-point 
is reached. The melted metsl can be lifted out and preserved for fntnre use. 

BOAD LOCOMOTIVE. 

Amongittheoomponeutportsof a road locomotive or traction engine, the driving wheels perform 
the most important functions. They may be classified ander the hetLdsof elastic, flexible, and rigid. 

An eUsbo wheel is one which is sufficiently resilient to answer the purpose of bearing springs, 
bat its eiroumferenoe does not necessarily deviate from a circular form by the preesuro of the tread. 
A fiexible wheel is one whose treading taae snffere a material change of form as it rolls along, and 
in addition to the faculty it poaseasea of ooting as a spring, it has a large portion of its periphery 
ooDtinnally in contact with tho ground. Adam's road wheel. Pig. 1S07. and Maokind^'a road 
wheel are elastic, but thoir ri^d tires catinot deviate from the circular form. Thomson's india- 
mbber wheel, Fig. 1699, and Bremme'a steel tire wheel. Fig. 1911, are flexible, as their tread 
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yields bji they roll ' along. Therefore, an elastic wheel merely answers the purpose of bearing- 
springs, and does not practically increase the bite ; while a flexible wheel forms a spring, and also 
increases the adhesion. AU other wheels are classed as rigid, because they do not yield to the 
inequalities of the road. 

The adaptation of locomotives to common roads has, for the last fifty years, been a matter 
of continuous experiments, accompanied by m^iuy failures. That it is difficult to design a 
locomotive which shall work as well on the highways as thousands of similar engines work on 
rails, is shown by the &ct that during half a century many of the best mechanical engineers, have 
from time to time, mside road locomotives and experimented with them ; and yet, even up to the 
present, with one or two exceptions, they are unable to produce more than an approximately 
perfect road locomotive, either for passenger or for ordinary goods traffic. The farmer's engine 
is the only type which has, as yet, given any really satisfactory results. 

The following table, compiled by John Head, partly from data by Crompton, and partly from 
other sources, will show the resistanoe of smooth, rigid wheels, in lb. a ton, on different surfaces :— 

On very good pavement 85 1b. 

„ good macadam 60 „ 

„ ordinary macadam 90 ., 

„ newly-laid gravel 200 „ 

„ soft grass lemd 800 „ 

„ newlv-laid metal 440 „ 

„ a well-laid railway with moderate gradients 8-10 „ 

From which it appears, that even when the road is in the best order, the rolling rebistanoe is about 
eight times that on rails. With the road in an ordinary state, it is from ten times to twelve times, 
while, on newly-laid metal, the rolling resistance becomes nearly fifty times that on rails. As almost 
all roads contain inclines of 1 in 20, or 1 in 30, and as many of them contain inclines of 1 in 10, 
it will be seen that the actual pull, required to move 1 ton over many portions of macadamized 
roads, amounts, in some cases, to more than 100 times that on a railway with moderate gradients. 
The difficulty of obtaining sufficient adhesion, and the wear and tear caused by rigid wheels with- 
out springs, have, from time to time, led to the trial of various devices for overcoming these defects ; 
but extended experience seems to show, that a rigid wheel, with wrought-iron diaoronal bars on the 
periphery, is the cheapest driver, and that, in many cases, it is sufficiently reliable for the class 
of work for which road locomotives are usually required. At the same time, a great demand exists 
for a reliable fiexible wheel, for use under obtain circumstances where the rigid wheel is almost 
useless. 

The difierent types of wheels are classed by Head as follows ; — 

For iarm engines, used for thrashing, and for hauling light loads on an estate, steam ploughing 
engines, passenger engines, and fur light loads at high speclds, rigid wheels and, in some instances, 
elastic wheels should be adopted. 

For engines deidgned to ascend very steep gradients, and for engines used for hauling heavy 
loads on causeways or stone pavements, flexible wheels are reonired. 

The following is a description of some of the principal driving wheels which have been 
designed ; — 

The first wheel which came into extended use in traction engines was termed Boydeirs endli ss 
railway. It consisted of large, fiat segments of rails, so jointed round the wheel, that it ran on a 
species of continuous tramway. Figs. 1899, 1900. This wheel was introduced in 1846, tor facilitating 
tile draught of ordinary carriages over soft ground, by means of an extended bearing surface, which 
prevented the wheels sinking. It was partially used for that purpose for several years before it 
was proposed to adapt it to a locomotive. One of the principal objects the inventor wished to 
attain, was the transport by steam of artillery oyer roads impassable by horses or oxen. Boydell's 
wheel, when tried, gave the most satisfactory results as regards the increase of adhesion, and it was 
shown that it could run with facility over soft land upon which a horse could not move a light cart. 
The great sur&ce of the shoes in contact with the ground, enabled it to haul great weights over 
bogs, and to perform many other feats, which quickly brought the engine into notice. Indeed, its 
pulling power was so great, that a single driving wheel gave more thim sufficient bite for all 
ordinary hauling work ; and, consequently, several engines were constructed with only one side 
of the machine fitted with the travelling trams, a good plan to save expense, but one calculated to 
destroy the general efficiency of a locomotive, as its facili^ of steerage is thereby much impaired. 

Boydell's wheel clearly proved that a large surfoce in contact with the ground tended to an 
increase of efficiency, but at a great outlay of wear and tear. There was no elastic medium to 
deaden the concussion, and the whole apparatus went clattering along, an extraordinary combination 
of inharmonious mechanism. However, the arrangement was continued for many years. 

Some short time after Boydell had brought his engines into public use, and when the great 
advantages of increased adhesion had become clearly known, Bray, of Kent, brought out his spudded 
wheel, Fig^. 1901, 1902, by means of which it was hoped to gain sufficient adhesion, without com- 

Slexity and liability to breakage. Bray's wheel had a rigid tire fitted with short, strong spikes to 
ig into the road surface as it rolled along. These spuds could, by an eccentric, be drawn in below 
the wheel sur&ce, so that it then ran with m^ely a smooth tire, but when they were projected it 
was a rigid spiked wheeL The bite of such a wheel on cobble-stones, between which the spurls 
inserted themselves, was equal to cog-gearing, and on macadam the peoidiarly shaped spuds inserted 
themselves into the surface of the road, and produced a similar effect, but to a smaller extent. 
This plan answered well for some roads, but it was evidently not suited for general use on account 
of the damage done to the highways, and the continued breakages in the memanism of the wheels, 
caused by the unequal strains on the connecting rods of the spuds. 

B. W. Thomson, of Erdinburgh, in 1867, constructed a wh^ consisting of a very light wrought- 
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Iron dnuo, 4 ft. diameter, b; 15 in. wide, irith Snogee, 1 io. high, on either aide. Ontalde this drnm 
wu stretched a flat indiarabber band, or tiie, 12 io. wide by 5 io. tliick. The wheel ran with the 
indisrahber in oontaet with Uie Krauad. It was tovDd to slip on damp rosda and greasy mnd. 
To obviate thia, ThonuMi ooTered the indiarubber Ure with flat steel pluteo, or shoes. These wote 



_ ^ . . _ flthe 

breakage ot the 'link tnns, anc 
difflcnity of keeping the tire in ite puoe 
unless the shoes weie very tight. 

Another sfBtem of pn>tectin2 the 
JDdlafnbber tire was ioTented by Tbom- 
mm, and iniproved by Barrell, it li seen 
in the lower parts of Figs. 1903, 19(H. 
In this esse the steel plates touoh each 
other outside the tire, and tapering at 
the ends, are tamed down so as to Up 
OTei and clip the angle irou rim of the 
wheel on txith aideo, thus permitting the 
indiarabl>er to rotate, bnt preventing it 
from Doming aft sideways. The shoe is 
kept in position, on one side, by a plate 
fastened with two screws. This arrange- 
nient ensblea any one slioe to be dis- 
connected without taking off all the 
rest. The system lias been found to 
work veil In praotioe, but eiperienoe has 
not yet shown what will be the wear 
between the clips at the end of the 
shoes, and ttie angle iron of the wheel. 

Aveling and Greig's improved shoe. 
Figs. 1905, 1906, formed of a strong plate 
turned over at both ends, each side 
finishing in the form of a hook whioh 
was attoohed to a loop at the end of a 
wrought plate sliding on the edge of 
the rim of the driving wheel. The shoes 
were fixed to tlie rim of the wheel 

instead of rotating with the tire. This desoription of shoe has been attached to sereral engiaes 
manufactated by John Fowler and Co., and has been in work for some time. It remains to be 
proved bow the indiombher tire will wear, when rotating inside tlie amialar spaoe formed by the 
fixed shoes and the outer surface of the wbect. 
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MtMb difflonltj WH experieooad in the early trials of Tlimneoo's wheel, owing to the aooTcift; 
of the rood foraing the iDdlorabbrt tire oTer the angle inm, tbna Deccealtating goaidi to Iceep it 
in plaoe. Theihoei jtut deacribedwill not allow anj play in tbe lire, bat neyerthaleee a great wear 
and tear b oautiaiuiry taking place through the outwetd lateral presaare of tha indtarabbcr. 




A nrj oarieoa feature wai discovered when working the indianibbnr tire withont shoes. Tbe 



backwanls cnrt tbe top of tbe wbwL Wfa«n an indianibbcr 
speed of 8 mikfl an boor, there u ■ much gnatM ammint 
than oa tbe Anllowin^ tide of th« wbM-L (>n tbe leading 
"' — i-t— itdrif br ba^^n^ out, while id the i«ar it m ia a 
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•tate of teneiou, and tightly grips the iron wheel From tbia aotion (he IndJarabber tire U 
aontJnaoiutj working round with a nveree motion to that of the dram. The rate of thii motion 
dspendi npon the tightness with which it was originally atretolied, ila dendty, its thicknen, and 
tba weight on the wheeL If the wheel is very ligbtlj loaded, tho tire will scarcely moie, while if 
it ia heavily oompreaaed, a great portion of it is rolled out toworda the froat, and the amount o( tba 
reverfie-aotioQ beoomee very great. Uoder ordinary oirramutanoee the tire will move onoe round the 
dnun In from 30 to 10 revolutiona. It ia evident tb&t friotion mnit tako place in the indianibber 
tire, from Ita contrary rotation round the iroo dmm, aod also from the continaoua change of form it 
ondergnee. No ezperimeDts have, however, yet been made to detenoioe the amaaot. 

It appeua certaio that if indiu^bber ia njed aa a tiro for the driving wheel of a rend looomotive, 
it must be used ia the form of a riog, and allowed to rotate. All eiperimeuta hitherto nuide for 
Attaching it iu blocks with cement to tlie peripliery of the driving wheel, or of putting it on to tho 
wheel in segments and fastening it by oieaus of eliugs, have foiled. 

The Indiorabber (ire has the greet advantage of being a perfect spring to the engine, and it 
forms a safe and sure brake. On good maoadam its reniAtance is more than uiat of tlie rigid wheel, 
and on a rongh or newly metalled road, owing to its gre&t giuface, it does not sink below the b^ 
of the (tone«, whilathe rigid wheel oonsumee a great amount of power ttora sinkine; into the aurfiiau 
of the road with a cnuhiug and grinding action. Over paved roads the indiarabber wheel, or any 
otiier equally elastic wheel, ia decidedly auperioi to the rigid wheel, owing to the iuereased amount 
oF sutGioe of adhesion ; in bet, it has been found that a flexible wheel ia almost Indiapenwhle for 
all ateam trafflo on such roadi, oven irilb moderate gradient!. 

One of the principal drawbacks to tho use of indiarubber tires ia their great prime oott, which 
appears likely to increase instead of to diminish ; also, the imposaibility of finding a market for the 
sale of the worn-out indiarubber. Willi respect to tlieir wear, much difference of opinion exista, 
but it la impossible to form any correct formula for depreciation, owing to the paucity of the 
experimepta hitherto coDducted. 

It is evident that, if the thickness of the tire is materially reduced, the power of the indiambber 
to bear the engine eaaily ia diminished, oonseqnently a greater strain Is brought upon eaoh cnbte 
inch c^ rubber than it ia calcnlated to bear, theiel^ leaseaing the valne of the tire as a spring to 
the engine. 

Uuch maybe nid In favour of Tbomioo'stiree, but the difflcnlties of protecting the indiarubber 
in a permanently talishctory manner, ooupled with the uncertainly of its action under peculiar 
oironmstances, have to a great extent arrested its employment for the driving wheel* of k*i1 
looomotives. 

Adams' road wheel, Figs. 1907, I90B, la purely elastic, and consists of an ordinary centre and 
arms, having a heavy T-irou rim, between which and the outer flat tier are iiuertod treading blocks 
of indiarubber, about 2 in. thick. 

These blocks, along with the X"''™' ^*^' '*"'■ 

rim of the inner part of the wheel, are 
kept la poeitl'm by means of two 
angle irons riveted to the outer ring. 
A drag link oonnects the outside tire 
with the ~r-iron ring. These wheels, 
of course, do not increase adhesion, but 
they act well as moderate bearing 
springs, and give a greet relief to the 
destructive jolting of an ordinary rigid 
wheel. They have been exclusively 
adopted by Aveling and Porter, ot 
Rochester. 

Hockioder'* wheel, Figa. 1909, 
1910, consists Of an iron drum, sur- 
rounded by a sf riee of transverse springs 
a, formed like those used for a railwav 
track, enoh fitted with an outer trend- 
ing shoe h, bliding in guides. A aet of 
these whetls, mannfBOtnrcd by Kobey 
and Co., of Liueoln, lias run for some 
time. The arrangement is hravy, and 
it is said that the sli'iing shoes near 
rapidly through contact with sand and 

In Bremme's fleilbte steel tira 
wheel. Figs. 1911, 1912. the fleiiblu 
tire is formed of one or more rings, 
each of which is constructed of one or 
more bands of steel or good wrought 

iron. In practice, the bands are made of steel, from } in. tof in. thick, and horn 2( io. to 4 in. 
wide. The rings ore fixed side by side, and are protected against the load by ahoes or tread- 
{lieoes. To the tire ore attached an adequate number of arms or links, which make the oon- 
nection between it and the oentral part of the whoel, that is, the arms or links projecting a given 
distance beyond the periphery of the central part, are able to support tlie lateral thrust or pr«s- 
Bnre which the wheat may be exposed to. and are free to adjust themeelvee radially to any curve the 
elastic tire may asauma under a dead load at tlie axle. 

In driving wheels^ the central part rcceivee rotary motion, which by meant of the arms ia 
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importad to the tire. When the wheel Btands on its tread, tha whole load, acting at the centre i« 
nupended from the apper portion of tbe tire, while its lower portion ia perreotly free to deflect and 
flatten against the road, thoa fulfilling the function of a spring, and producing increased coDtaot 
mrfaoe with the road. Theae wheels have been fitted to one of Aveling and Futter'a 6 horse-powar 
Bteam Bappera, at Chatham, and have been found to angwer veil. 

Nairn's rope wheel was designed to have all tbe properties of the indiambber wheel, at aboat 
one-quartDT the cost. It oonsisted of two layera ol rope, each 1 in. Ihiih, coiled Tonnd a drum 
wheel, and protected b; shoes on tha 

outer surface. It was found in prao- J»(*- iM*. 

tioe that when the rope was coiled 
loosfll; euongh to flatten at the tread 
of tbe ffheel, to tbe eame extent as 
Indianibber, the reaistance Jiecame verv 
great, through the tire being toft and 
not elastic; and the rope was soon 
deatroyi'd. If the ooils were nouud 
round ae tightly as possible, the tire 
became almost rigid, and tbe wheel 
was not more efficient than one of 
wrought iroo. 

SevemI pecsenger engines have been 
built in Gt Britain ibr use abroad, 
constructed on B. W. Thomson's system, 
ftnd usually attached to a separate | 
omnibos. Of these, one by C. Bnrrell, 
of Tbetford. was an eic«llont specimen 
of careful design and workmanship; 
but the most worth; of notice were 

four 14-ton engines manufactured by Bansomea, Bims, and Bead, for the Indian Goremment. 
Figa. 1913, 19H give an elevation and half plan of one of these engines. They had oylinders of 
8 in. diameter and 10 in, stroke, geared either 8-75 to 1, or 12 to 1, to 72-in. driviiig wheeU 
The engines made 150 revolutions a minute, which gave about ID miles an hour for the fast 

rd, and 3 miles an honr for the slow speed. Tbe boilers were vertical, on the Field ^stem, 
grate Borface waa 11 tqaare feet, and the water mrfooc was 177 aqoare feet The blaal-nocale 



had an aditutahle oone, that the opening might he varied to suit either wood or coal. All the 
ro«d wheeu had Tttomaon'a indiamhber tires, with linked shoes ; the leading wheel had supple- 
mentarr elliptical iprtDgs, m> that the fore end adapted itself easily to the inequality of the road. 
Tbe engine drew a 65-pawenger two-wheeled omnibiu. These looomotivos are the most powerful 
EMseengar engines, and Iheyhave a large lank, and stowage for wood, so that they may ran for 
ISmiles without stopping. They wer« to carry moils and pauengen between two stations in 
the Pmijib, about TO miles apart. 

One of them, tbe Bavee^ in October, 1871, made tha double journey betKcen Ipswich and Edia> 
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borgh, a total distance of 850 miles. The total weight of engine and carriage was abont 19 tons. 
By the return journey the men had ample experience in working the engine, and the 425 miles 
took 9 days, giving 47 miles as the average distance a day, and a speed of 6*9 miles an honr for 
the time actually running; but on the last day the average speed was 9*69 miles an hour, 
whilst occasionally a spMd of from 15 miles to 20 miles an hour was maintained for short 
distances. 

Horse tramways are now laid in various parts of the world, chiefly in towns and their outskirts 
where roads are inoderately level, and where the gradients do not exceed about 1 in 50, or 1 in 40 ; 
but sooner or later, steam tramways will form a more general means of transporting passengers 
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and light goods. In order to make an engine which would compete successfully with the present 
system of haulage by animal power, it should be as light as possible consistently with the amount 
of traffic. J. Mead considers that a small engine, weighing from 8} to 4 tons when loaded, 
would be amply sufficient for drawing a tramway car of Sie present construction. The outward 
appearance should be sightly, and, as far as possible, similar in colour to ordinary vehicles running 
in the streets. The maximum speed should not exceed 10 miles an hour. 

Several motive powers have been proposed for propelling street cars, and some of these, such 
as oompresBed air, ammonia, and carbonic acid, have been actually tried. Although these and 
other plans have been made to perform the functions for which they were designed, and might even 
be useful under exceptional oironmstanoes, it may be iaken for granted that the usual means of 
working street tramways, by mechanical power, will be by ormnary steam engines made and 
specially adopted for street traffic. 

3 Q 2 
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The modes in which steam power haa been, heretofore, principally applied on tramways hare 
been, by means of a car containing the goods or passengers, as well as the engine, ronning upon fonr, 
or more wheels, and by a detached engine drawing one or more cars. 

The first of the^ systems has been snccessfiilly adopted on some lines in America, bnt it has 
the objection that the passengers do not like to be in snch close proximity to tlie boiler ; and, if 
generally adopted, the existing tramway companies would have to purchase entirely new rolling 
stock. This principle of construction has, however, the advantage that the whole weight of the 
car, engine, goods, and passengers, can be utilized for adhesion in ascending heavy inclines. The 
second system permits the use of all the existing rolling stock of the present horse tramway com- 
panies, with but little alteration, besides being more in accordance with the principle adopted on 
railways, and generally approved by the travelling public. 

With steam as a prime mover, the difficulty is not how to supply the mere tractive force, but 
how to make the steam power so suited to street traffic that it shAll not cause any annoyance. 
The main objection to an ordinary locomotive working in a street is the puffing blast, and various 
means have been tried to overcome this defect. First among them may be taken the heavy-geared 
dummy locomotives of New York. These are fitted with fans, blowing air into the fire-box, 
driven by a donkey engine and belt The exhaust from the main engines goes into the lank, from 
which there is a pipe into the funnel. The donkey engine, however, requires continual attention 
from the fireman, who has to vary its speed as the locomotive is going up or down inclines, or 
proceeding at a fast or slow rate. Again, on the elevated railway in New York, a difierent plan has 
been proposed to gain the desideratum of a silent engine. The exhaust, as before, goes into the 
tank, from which there is a pipe into the funnel, but the furnace has a close ash-pan, into which is 
fitted Hancock's blower, consisting of a square funnel, into the wide end of which are directed nine 
jets of steam, each -^ in. diameter, regulated by the fireman as the pressure varies. 

One of the best street tramway locomotives yet proposed is that designed by Leonard J. Todd, 
of Leith. It is, however, only intended for light traffia The driving motion is placed in a close 
box on the top of the boiler, so that it may be kept free from dirt and readily accessible. The 
driving wheels are of the Mansell construction, 6 ft diameter. The cylinders are doubled, each 
5 in. diameter and 9 in. stroke, and the working pressure is 150 lb. a sq. in. The wheels are fitted 
with steel tires, and motion is given to them by a single pinion and wneel confined in an air-tight 
case, arranged to give a maximum speed of about 10 miles an hour. One of these locomotives for 
hauling a single 40-passenger car is calculated to give an efiective power of 12 horse-power, and it 
weighs when loaded 8A tons. An engine of the same construction for two cars, with a maximum 
of 20 horse-power, will weigh 5 tons. A silent blowing fan is placed in direct oonununication with 
the dose ash-pan, and one end of its spindle carries a bucket wheel, on to which the exhaust from 
the cylinder is directed through an adjustable nozzle. After thus driving the fan the exhaust 
enters the tank, where any water is deposited, and the uncondensed steam escapes into the funneL 
A small steam pipe from the boiler is also attached to the fan casing, so as to drive the fan when 
the engine is standing. This apparatus, besides being silent, is self-acting, and it starts and stops 
with the engine. When going up an incline the back pressure increases and the fan runs &st ; 
when going down hill, the steam being almost shut on from the engines^ the sjpeed of the fitn is 
very much reduced, and the blast in the fire-box diminished. The fire-box is furnished with 
water grate bars to prevent clinkers. A skid brake is attached to the engine as forming a more 
sure method of slackening the speed than by a brake on to the wheels, and the handle on the 
engine is connected with the brake to the cars, so that the fireman may have the control of both 
eng^e and carriages. 

A steam tramway car has been constructed by J. Grantham, in which the carriage is about 
1 ft 6 in. longer than the horse cars now in general use. It has two boilers on the Field system ; 
these are pb^ed in the centre, properly lagged, so that the heat does not penetrate into the body 
of the car. The two cylinders are fixed underneath the frame, and they are attached to the 
driving wheels in the same manner as in an ontside-cylinder locomotive. The front wheeLs are 
placed on a sort of turntable frame, and they can be steered by the driver. The tires of the large 
wheels are fiat, and the car is kept in position by four small guide wheels, which insert themselves 
in the grooves of the rails. The driver sits on the front platform, where the levers for working the 
engines are placed, and at the end of the journey they are detached and placed at the other end of 
the car. The boilers are supplied with coal from a hopper at the top, ana the amount is regulated 
by a valve. The fire can be inspected from a door at tne outside of the car. 

Much may be said respecting the cost of haulage of goods by steam on common roads, but as 
no regular and continuous service has as yet been organized, all data on this subject must be 
considered approximate. Head states, however, the cost of haulage by steam, as given in the 
following table, may be considered as approximately correct, though, owing to the continuous fluc- 
tuations in the price of labour and materials, it is mfficult to form an accurate estimate. 

Horses on common roads 6 to 12 a ton mile. 

Steam on common roads 3 „ 4 „ 

Horses on tramway, if nearly level 2^ „ 8 „ 

Steam on tramway ij „ 2 „ 

Steam on railway .... } tt 1 n 

Heavy traction engines did not come into general use until about 1856. One of the first was 
Boydeirs engine, Figs. 1915, 1916. The boiler was constructed on the locomotive type, with the 
eyUnders on the top, and the motion of the engine was transmitted to the driving wheels, which 
were placed behind, by a pinion working into a large spur wheel fitted to the rim of the drum. 
The cylinders were double, 7 in. diameter and 12 in. stroke; the driving wheels were 66 in. 
diameter, and were geared 12-1. 
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A loigs DDiober of tbme enginea were nunnbotnred, and were fonnil to pum muUj ofer Boft 
gronod, and the great lurfnoe of the paddli-i on the wheels enabled them to develop a high 
Doeffldent of adhesion. One of these eaginea made ajouroej from Thetfoi^ to Lmdon in 8 daya, 
taking a gnea load of 29 torn, bat in point of ipeed aad ooet (^ haulaze, the experiment waa ft 
fcilnre. 

Between 185S and 1866 a few i 
spudded wheel*. These engjnaa, 



TT 




they jolted ao mooh that thej Mdotuly damuied thenuelTea, and, Id addition, materially injured 
the mrfooe* of the loada orer which th^ lan ; beddei which, it was fotmd difflcolt at timea to fone ' 
the Bpnda ont of their aocketa when they were required to be pat in action. One of these engines, 
weighins 15 tona, readily took a ktosb load of 45 lona op a oBtueway ioclioe of I in 3D ; the Mlhesion 

requirea to attain that result being 37 of the driving weight, an amount of hold whtoh no smooth 
rigid trbcel wonld give on a paved street unless assisted by special meohanism, 

Taylor, of Birkenhead, a can temporary of Bray, brought out a novel deugn of road locomotive, 
whioh he called a steam elephant. The engines oonstrocted upon this deeign had donblo 
cylinders, cog-gear, and ^aj large driving wheels ; the boiler was of the marine type, with Tetnm 
tabes. One engine, of 6 horae-power nominal, with cylinders of 5 In. diameter and 10 in. struke, 
having 6ft.diiveTV,Bnd»uigbing6 toua, was tested asainst a nnmber of horses, by first ascertaining 
the greatest load it oonld draw, and then employing horses to aocomplish the same task. It waa 
tbund to pull as much as 12 strong borBee. 

In 1869, Tennant, of I>eith, designed a road Icoomotive. It had ontside cylinders, 7} in. 
diameter and 10 in. stroke, two gears of 6^ to I, and 15 to I respeotively, and rigid drivers 68 in. 
diameter by 18 in. wide, fitted with croHS-ptfttea. The boiler waa of the looomotive type, with 
wing water-tanks and large bunkeis for wood. The single leading wheel was 60 in. diameter, 
fitted with 5-ft. bearing springs. The main axle rested on 6-in. indiainblMt blocks, The weight, 
in moiling order, was 14 tone, of which 10 tons waa supported by the drivera. 

In 1867, it was demonstrated that the indiambber- wheel eoginea construoted by B. W. Thomaon 
poaaeased great tractive power, and therefore that they oould be applied to tlie hanlage of heavy loads. 
On steep inclines of pavement and macadam, small raigines of only 6 ton^ or 7 tons, readily drew 
loads that a powerful rigid-wheel engine could hardly have moved. The indiarabber wheels also, 
from their great bearing surface, enabled the engine to pass eauily over soft ground. A 6-lou 
engine took a load of 10 tons up an incline of I in 9, 20 tons ap an incline of 1 in 20, and by itself 
asoended a grass elope of 1 in 41. A 7-ton engine, with 5^ tons on the drivers, waa tested by 
drawing a dead weight over a pulley. On good gronnd it gave a pull of 63 owL, with an adhesion 
ooefBcient of -576, and on a less favoamble sarfaoe, a putl of 51 owt. with an adhesion coefflcieni 
Of -466. 

One of Tbomson'B engines, with double cylinders, 6 in. diameter and 10 in. stroke, geara of 
7 to 1,aadH'6tolrespeotiTely,and60 in. driving wheels, carrying 5 tons, was, on many diflerent 
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oocuiDiu, carerdll; tatted wiih TeanaofB road locomotlTe, As tbo latter had Ivice the weighl on 
' the drJTerB when compered with that on the indivubbar wheels, an excelleot opportDnit; waa 
afforded for proTing the ooefficient of adbesioD between rigid tires and elaalic tire*. Tennant'a 
engine had 10 tana, and Thoioaon'a engine 5 toOB, on the driving wheels. On ■ dry and dasty 
macadam inchna of 1 in 12, Tennant's engine took ii gmes load or 17 tons, giving a coefficient 
of adhesion of '32, and Thomson's engine took the same load of 17 lona. with u ooemcient of '499. 
Again, on a dry macadam incline of 1 in 25, Tannant's engine took Zi tons, with a ooefflcicntof '3, 
while Tliomsaii'ti engiue also took 34 tons, with a coefficient of '5. These two flgnrea, Sand 5, very 
□e«rly represent the comparatiTo value of indiorubhei tires and of smnoth imn tiros on ordinary 
nnoadam. In the trial each engine took the same load, bat Tennant's engine, from its superior 
boiler power, readily run twice as fast as it« smaller competitor, the pet boiler of which would only 
keep steam fur the slowest speed. 



n 



A 10 borBB-power nxids engine, with lO-in. cylinder and 12-in. itroko, and with driring wheels, 
6 ft. diameter and IS m. broad, manu^clured by Aveling and Porter, of Bochetter. made the mcMt 
snccossrul mn, in point of oongnmption of fuel, in the triaU of traction engines between Wolver- 
hampton and Stafford, in I8TI. The nseful load drawn amounted to 15 tons ; the distaaoe run was 
16 miles; the time occopied, eiclusive of stoppages, was 4 boon 4S minotei ; and theamouotof 
coal consumed wus 2-85 lb. a Useful Ion of load a mile. 

Some further experiments were made at Orange. United Slates, in tlie antnniii of 1S72, with 
theobject of testing the capabilities of road locomotives, and their commercial value, in oomparisoD 
with horse traction. The engine selected for theee trials was one of 6 horae-power, by Aveliug 
and Forlor, of which the following are the principal dimensions: cylinder, 7| in. diameter, stroke. 
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10 in. ; diameter of driving wheels, 5 ft. ; breadth of tire, 10 in. ; total weight of engine, 5 tons 4 owt, 
of which, 4 tons 10 cwt were upon the drivers ; the wheels were of wrought iron, and were fitted 
on their periphery with strips of iron laid diagonally across the &ce. These experiments were 
oonduoted bv B. H. Thurston, who gives an interesting account of them in a paper read before 
the Polytechnic Club of the American Institute. He sums up his remarks with the following 
comparison between haulage by horse and by steam power ; — 

** The expense account when doing heavy work on the common road, under the described con- 
ditions, by steam power, is less than 25 per cent of the average cost of horse power, as deduced 
from the total expense of such power in New York State ; while, if we take for comparison the 
lowest estimate that we can find data for, in our whole country, we still find the cost of steam 
power to be but 29 per cent of the expense of horses. 



1919. 





19201 

** We may state the fact in another way. A steam traction engine, capable of doing the work 
of 25 horses, may be purcbaM and worked at as little expense as a team of 6 or 8 horses." 

One of the most careful and elaborate experiments ever recorded with traction engines, was 
carried out in 1866, under the direction of Tresca, with one of Aveling and Porter's 10 horse-power 
traction endues of the following dimensions : cylinder, 11 in. diameter ; stroke, 14 in. ; diameter 
of the driving wheels, 6) ft, with cast-iron rims. The power of the eneine was transmitted to the 
wheel, by means of a pitched chain, in the ratio of 1 to 20 for slow speed, and 1 to 14 for fast speed. 
The total weight of the engine, when loaded with coals and water, was 17) tons, or 14{ tons without 
coals and water. Tresca sums up bis report as follows ; — 

The engine drew, in a regular manner, upon a good road slightly undulating, a total load of 
59 tons. The coefficient of traction may be approximately estimated at -Xy which would bring the 
mean strain to nearly 89} cwt. taking into account the weight of the locomotive. This mean 
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eflfort, developed at a speed of 3*54 feet a seoond, brings the valiiation of etFectiTe work to 
15,623 foot pounds a second, or to 27 * 61 horse-power. Tiiis figure will appear high if it be oompaied 
with the coDsnmptioa of fuel, which was 3 cwt. 2 qr. 13 lb. in 3 honis and 3 miniitefl, say 
132*25 lb. an hour of actual travelling. Ttiis consumption represents only 4'iO lb. of coal a 
horse-power and an hoar. 

The corresponding consumption of water is not less than 182*22 gallons an hoar of actual 
trayelling. 

The coefficient of adherence may be estimated on the road gone over at '3 of the adherent 
weight. The adherence resulting uierefrom was only necessary for the working of the engine up 
inclines of 1 in 33 to 1 in 30, and at starting. 

The load of 59 tons which the engine drew on level ground is not the limit of what it can draw 
under these conditions. 

The speed of 2*48 miles an hour appears suitable for traffic of this nature, and renders the 
manoeuvres so easy that the train is well managed by a superintendent, an engine-driver, and an 
assistant solely employed to guide the steering-wheel in front. 
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J. Fowler and Ck)., of Leeds, have perfected an excellent engine, which can be used for either 
heavy goods traffic or asrioultural purposes. One of this class, Figs. 1917, 1918, may be taken as 
the type of many now m use. The cylinder, 9 in. diameter, 12 in. stroke, is placed on the top of 
the boiler, which is of the usual locomotive type, with 7-17 sq. ft of grate surface, and twenty- 
nine tubes of 2} in. diameter. The crank shut is carried on plates riveted to the sides of the 
fire-box. This forms a compact arrangement. The gearing for transmitting the power of the 
engine to the driving wheels, at ibe rate of 1} mile an hour and 3 miles an hour respectively, is 
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□f cut Bteel, and, together with the vrorking parts of the eagiae, UenoloBed, lo aa to prereot the 
noiBe and mntiou of tbe engine frightening boraee. A oampensatmg gear, enabling the engine to 
torn aharp eomera, 1b JQaerted between tbe main axle and tbe driiing wheels. The driTing wheels 
are 66 In. diameter and 16 in, wide, fitted with indiarnbber tirec, end Qreig and ATeliug*! ahoea, 
bat the aanie engine ma; be osed with wronght-iron tires if desired. 

With respect to tbe odTantagea of steam load rotlers, Areling atatfa that the road being made 
for the tmfOo, and not hj the tr^e, material is saved ; tbe stones, instead of being left looeelj opon 
tbe smface to enoounter tlie grinding lateral preesore of tbe wheels, are forced b; direct Tertioal 
preaanre into the soft bed prepared for them, along with a binding material tbat fills up the 
interstices, and aUbrding support for tbe stones, keeps them in position with one snrfaoe onl; 
expoaed to tbe abiading action of the wheels. Tbe whole coating is oonaolidated, and there 
remains a sorfaoe hard and smooth enongh to resist the disintegrating action of rain or frost. 

The steam roller, b; reason of its weight, will consolidate and prepare for traffic newly laid 
maoadam at the rate of 2000 sq. yds. a day, and by reaaon of its motive power, oan work thia 
KTeater weight for one-qoarter tbe cost of tbe borae machine. Not oulj at the same time are the 
loose stones not torn up, bat tbe heavier roller has the effect of taming down the aharp edges of 
tbe stones and leavliig their flat aides uppermost, bedding them together in the road, so aa to make 
a tolld level snrface.' 

The siaea most in use aie those weighing abont IS tona and 20 tons, with driving wtteela 
respectively 5 A. and ^ tt, diameter. 



Avslhig's rood roller, Tim. 1919, 1020, somewhat resembles one of bis traction engines, with 
tbe driving wheela converted Into rollers, and tbe space between them covered by a pair of frost rollers 
which also act_ aa steering wheels. These &ont rollers aie made conical, or dished, in order tbat 
on tbe gronnd line they maybe close together; while above their axle there is a space for a vertical 
abaft, serving aa a snpnort for the front of the boiler. To the extremities of this axle a forked, or 
saddle piece la attached, to act as a gnide for tbe steering chains ; and these chains pasa rearwards 
to a transverse roller, which is acted upon by a worm and pinion connected with tbe staerman'a 
wheel. By keeping the driring whe^ behuid, iuitead of id front, as in the engioeg previooaly 
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detoribed, the greatest bito ia obtained In Mcending inoKnu iind going orer soft plaoea. Besides 
beia^ capable uf banliag tnioks, this engine is fnmisbed witb a flj-wheel, and can be used Ibi 
driving s stone breaker, or any other inEuihiner; oonnected with road making. Ita weight is about 
8 tons, and the nominal power of the engine ie 5 horse-power. 

In Paris the QcUerat syalem of steam road roller has been unplofed. Figs. 1921, 1932. Thi« 
engine has been nianofactuted by Manning, Wardle, and Co., of Leeds. It baa two cj'tindert, each 
7 in. diameter, and 11 in. strok'', monnted on a locomotive boiler vith 285 sq. ft. of beating surface. 
The rollers are 3 ft. 11 in. diameter and i ft. 7 in. wide, and are oonnaetud to the engine by means 
of pitched chains. The large-sixed engines weigh 30 tons, anil the Bmall-aized ensiQes welgll 
15 tons. On the nde of the engine where tlie attacliment ii made with the crank shaf^ the 
axles tarn in radial boxes, Qxed to horn plates, Bimilar to an ordinarji locomotive ; whilst on the 
other side, the axle-boxes ore free to move backwards and forwards, sliding on the (rooie of the 
engine, and connected together by a rod with a mate and female screw, worked from the foot plate 
by a Tertioal shaft oannected by bevel wheels witb the steersman's handle. When the engine 
moTss in a straight line the axles are kept pamllel ; bat when neoeesaty to tnm a oorneT, the 
eentrea on one side are drawn togetlier, and conseqaently, the rollers act like a double steering 
wheel, tnmiog the engine in a very small apace. 




Agrioaltaral hMomotiTes consist printdpally of k portable engine fitted with Tsrions methods of 
transmitting tlie power from the crank shaft to the load wheels. 

According to T. Heed, to whose paper on " Steam Locomotion on Common Boad," to tfae 
vol. H.I.U.E., we ate indebted for tliis article and its illnatratioDs, the cbief difSculty whidi has 
beeet ennneers in the coastructioti of this class of machinery, hasbeen the impossibility of theoreti- 
cally csTcnlating the varied strains to which the component parts of ench an engine are subjected, 
in the same manner as in a railway locomotive. The prindpal proportions of the enginu 'referred 
to here have been the result of long and careful eiperienoe and uborious experiment. 
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The foUowiog data, respeoitng the ooet of power in steam ploughing, was deduced from the 
Tarions experiments and trials which were carried out at Wolverhampton in 1871 ; — 

The average consumption of coal = 161 lb. an acre. 

„ „ water =115 gallons an acre. 

„ „ oil and tallow = 5'1 02. an acre. 

H ,> water a lb. of coal = 7*2 lb. 

„ „ coal a mean I.H.P. an hour =7*1 lb. 

„ weight of earth moved a lb. of coal = 9*8 tons. 

Figs. 1923 and 1924 represent 0. Burrell's farm locomotive. The boiler is multitubular, of 
the usual locomotive type ; the cylinder is 9 in. diam. and 12 in. stroke, and the motion of the 
crank shaft is transmitted to the ariving wheels, 5 ft. 6 in. diam., by means of two pitched chains, 
one on each side of the engine ; thus relieving the main axle of the undue torsion which is liable 
to occur when only one wheel is coupled. Each chain pinion isprovided with a clutch, so that 
the driver may disconnect either wheel when turning comers. The hinder part of the engine is 
mounted upon volute springs, set at an angle, so as not to interfere with the movement of the 
chains, and it has been found in practice that the use of springs diminishes, to a great extent, the 
wear and tear of these engines. The driving wheels are made with wroughi-iron spokes and cast- 
iron naves and rims, the latter partially covered with wrought-iron diagonid plates. 

T. Aveling, well known as an agricultural locomotive manufacturer, exhibited his traction 
engine for the first time at the Boval Agricultural Societv's meeting at Cktnterbury in 1860, but it 
was not until the year 1871, that the Society considered this class of machinery sufficiently useful 
in agricultural operatiuns to be placed on the competitive list of prizes. 

In the first engines designed by Aveling, the transmission between the crank shaft and 
road wheels was effected by means of a pitched chain, and the engine was steered by a fifth wheel 
in the form of a disc, placed at the end of a wrought frame fixed to the fore axle. 

Figs. 1925 and 1926 represent one of Aveling and Porter's 8-H.P. agricultural locomotlvee. 
The general design outwardly resembles some of the engines already described, but care has been 
taken in the manufacture to make every part as light as possible, consistently with the work it has 
to perform. The boiler is locomotive, with 4*3 square feet of fire-grate surface; 30 tubes 2} in. 
diam. ; total heating surface, 130 m. ft. The cylinder is 9 in. diam., and 12 in. stroke and is 
placed at the forward part of the boiler snrrounded by a dome, from whence the steam is taken to 
the slide valve. The motion is transmitted by j^earing, the toothed wheels being made of malleable 
iron to prevent breakage. An arrangement is provided for disoonoecting the crank shaft from 
the train of wheels, so that the power of the engine may be used for driving machinery used on a 
&rm, through the medium of a fly-wheel placed on the side of the crank shaft opposite to the 
wheels. The main plummer blocks are supported on the outside plates of the fire-box, which are 
carried up to the requisite height. This arrangement combines lightness with strength, avoiding 
many of the breakages which used to occur with the cast-iron saddles formerly used. The driving 
wheels are 66 in. diam., 12 in. wide, and may either be constructed of cast iron, wrought iron with 
diagonal strips, or with indiambber springs on Adams* patent. 

These engines, as well as those of Fowler, are provided with a compensating or differential 
gear, similar to that attached to the wheel, Fig. 1912, for transmitting the motion of the crank 
shaft to the driving wheels, thereby enabling the engine to turn sharp comers without ^e use of 
disengaging-clutches. 

One wheel turns freely on the nave, whilst the other on the opposite side is keyed fast on 
to the axle. A bevel wheel is bolted to the nave of the wheel, and one of equal size is keyed 
fast to the shaft. Between these the spur gear revolves, driven by the pinion on the crank 
shaft, and it carries in two recesses a couple of small bevel pinions, both gearmg into each of the 
larger bevel wheela 

The resistances being equal on both wheels, if the spur gear is turned, it will cany with it 
both driving wheels at the same time with equal angular velocities, the effort exerted by the 
engine being equal on both wheels at all times ; but in turning a comer, the greater resistance 
on the inside wheel retards it, while the outer wheel necessarily moves more rapidly over its 
longer path, and, as tiie engine exerts the same force on both wheels, the work done is dis- 
tributed une<^ually between them through the revolving bevel pinions, without either wheel being 
necessarily slipped or disengaged. 

BOCK DRILL. 

The labour of boring shot-holes by hand is extremely tedious ; this has led to the invention of 
various machines for expediting the work, and thereby reducing both delay and expenditure. 

The simplest forms of rock drill is that of the screw auger, turned by some device similar to a 
ratchet brace ; but this is only available for use in comparatively soft ground, such as chalk and 
some varieties of coal. A machine of this kind, termed a perforator, has done good service in soft 
ground, but it is obviously useless in very hard rock where a percussive action is necessary, and to 
effect this is the object of the machines, Figs. 1927 to 1930. Fig. 1027 is of a rock drill devised by 
W. Weaver, of Pennsylvania ; it consists of a frame of bar iron which can be readily taken to pieces 
for transport. The boring bit has a shoulder piece clamped on to the centre, and this is kept down 
by means of springy arranged on either side ; a light shaft rans through the machine, to which 
cams are attached, and this also carries a pair of fly-wheels and handles. When these are turned, 
the cams alternately raise and release the bit against and from the pressure of the springs, thereby 
producing a succession of short powerful blows ; a small cylinder attached to the fr^e of the 
machine contains water which is passed through the cock down to the bit, and assists the operation 
of ix)rlng. 

A g^eat advance upon this is the drill of T. B. Jordan, London. 

Fig. 1928 is a section of the machine ; it is composed of an air-tight cylinder C, in which the 
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piaton L ia forced np twioa in Every raTOlntion of the fi;-wheeli by the oama K K, Tbia action of 
the cam coinpresees the air in the cylinder, vliich Foicea the piston down when released, and givra 
the hlow, and at the same lime feeiia the tool forward, by oauaing it to tnro in the btua not D, 
icrewod tofit tlieupperporlionof the drill bar. It will be seen, therefore, that, a« the cams while 
lifting the piaton turn Ihe drill bar G, It mnat feed forward in proportion to the amount of stop put 
npon the nut D, by the brake B acting upon the mitre wheels E in conuootion with iL The three 
actions abaolntcly necessary in rock drilling, heavy blow, variable feed forward of the drill, win 
constant turning of the latler in the bottom of the hole, are thns obtained by simple mean^and 
vrithoat valte, tappet, or an; complicated arrangement of parte. The cylinder i* made tight bv 
placing discs of leather in the upper gland and piston, so tliat the same ait is oompresMd (or each 

The air in the cylinder can be compressed to any extent, and with the power ot two men, 
150 blows of about 130 lo 160 lb. eadi a piinnte can be delivered by these maohinee. 



They are made in various forms to suit the dilTerant conditions under which they have to work ; 
but the power-cylinder and the drill bar, as well as all the parts requisite to give motion to the 
tool, are of the same construction in each case. 

In Fig. 1929, Jordan's drill is mounted on a carriage, and adapted for baring holes in a vertical 
or slightly inclined position, its most effective arrangement 

Fig. 1930 is an illnstration of a new form of took drill constructed by Barlow and Co., of Man- 
chester. The machine coiiaistsof a light stand supporting guides which Dun be adjusted to varioui 
inclinations. The boring tool is not connected lo the hsmmer, but rests on the rock, being 
merely guided b; the collars, tbroogh which it passes, and which ensure ita being kept parallel 
with the hole. One of the guide collara has an intermittent rotary motion given to it by a ratchet, 
this causing the tool lo be partially rotated after each blow. 

The tool is struck mpidly by a steel -faced hammer, worked by a crank through the mediom of a 

Sring. .The throw of the crank is I) in., bat when in full work tbe hammer under the action of 
Q spring muvee about double tbe stroke due to this throw, a speed of 40 revolutions a tnisnte 
of the handle causing 212 bh>ws a minute of about 5 in. fall to be atrnok by the hammer. The 
machioe is simple, and readily set to work. 

None of these afford, however, anything like the result that can be obtained by the direct 
application of power to driving the drills, this has been effected in numerous machines. Their use 
Indeed forms the most remar^ble advance which has been mode in the practice of mining, sinoe 
not only is the miner relieved from the labonr of boring, but the speed with which the sbot-bolei 
may be bored is incr^sed one hundred fold ; this gain of speed offurs many practical advanta^. 
The ability to sink a shaft or to drive a heading rapidly may ensure the success of an undertaking, 
and save large sums of money, and in all cases it allows the time spent in preparatory work to M 
materially shortened. Machine drills penetrate rock in the same way as Ihe ordinary hand drills, 
namely, by means of a percnsaive action. The outtiug tool is in most cases attached directly 
to tlie piston rod, with which it consequently reciprocates. Tlius Ihe piston with ita rod is made 
to eonstitnte a pintion of the catting tool, and ihe blow is then given by the direct tctioa of the 
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ttMm, or the oompTened air, npon the tool. As no work U done npon the rook by the back stroke 

of the piston, the urea of the forward nde 1> reduoad to ttie dimeodoua aeceta^ij onl j to lift the 
pislon, and to overoome the reBistBooe due to the ftiotion of the tool in the boio-hole. The piston ia 
made to admit tteam or air into the ojlinder and to cut off the supply, and lo open the eihanst h8 
required by means ot tappet valvee, or other suitable derioes; and proriaion is made to allow, 
within oertaio limits, a varialion in the length of tlie stroke. During a portion of the atroke^ ■ 
means are brought into action to Cftuse the piston to rotate to some eilent, for the purpoaee that 



have been alreadv eiplained. To keep the cutting edge of ths tool up to its work, the whole 
nuchine It mnied forward aa the took ia out away. This forward or feed motion is tunuJIj 
given by hand, but in some oases it is eommnnioated automatioally. 

The foregoing is a general description of the oonttmction and mode of action of percussive rook- 
drills. The numerous Tarietiei now in ose difler from each otiier ntber in the details of their con- 
siraction than in the principles of tlieil action, and the importanoe of the diOerence is, of oourae, 
dependent upon that of the detalts. It is but just to remark here that the flrsi really practical 
■olation of the rock-driUing problem is doe to M. SounoeJller, whose machine waa employed 
in eioaratlng the Mont Ceiiis tunnel. 

The Dabois-Fraa^ois rook-drill, Fig. 1931, is of a type already discarded, but it was one of the 
first introduced and has done good serriee. 

Tlie piston B reciprocates in a cylinder O. The rod A of this piston is of comparatively laree 
dimensions, and ia provided at Its lover extremity with an enlarged section pierced to receiye the 
cutting tool. Thn valve gear is altogether of a special cbaraoter. An ordinary elide valve G is 
conneoled to two slide pistons H and H', each moving in a cylinder provided for it. The piston H' 
has a larger surface area tliau the piston H. When the compreued air enters the valve chest, It 
eiert« a preesure upon both pistons, which tends to force them in contrary directions. Bnt as the 
area of H' is greater than tliat of H, the pistons, being connected by their rods and the valve, more 
forward. This motion opens the port r, air is admitted above the main piston B, and the drill-bit 
ia driven against ttie rock. U' is, however, pierced by a small passage i ■', which allows the com- 
pressed air to pass to the otiier side of it in J, by which means eqailibrium is restored upon the two 
surbcee, and wlien established, the action of this piston is destroyed, and, consequently, the prcMtae 
acting npon the other piston H, (brcea the pistons in the contrary direction. This motion opens the 
port t, air enters below the piaton B, and the drill-bit is withdrawn from the rock. To oanse this 
Bctioa of the pistons to be repeated, an annular projecUon O, upon the rud A, comet in contact 
dutiag the back stroke with a lever, wliich, being raiaed, opens the valve E, TlicairlathespaoeJ 
escape*, and the eqailibrium of the piston H' ia toereby destroysd. 
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It will be teen that the oation nf tliU valve gear throivB the motive force snddenlj upon the per- 
CDSBiaD piaton for tbe forward or working atioke, white it effacta tbe retarn itroke in a iew violent 
numoer. The aze of the air p&^age throagh tlie valve piston H' ia a matter of importance. To 
determine tbe moat aiiitabie praportions, maoj eiperimenta were needed. If this pain^ were too 
large, eqailibriuin would be eatabliahed too soon, and aoonsequent jerky motion would be produced 
in tbe peronuioD piston ; if it were too smBll, the Diotion of the Utter would be too ilu« and 
irr^lnr. 

Tbe rotation of tbe drill-bit (b obtained bj tbe alternate action of two email pi«ton« not ehown. 
These piitotu ore single acting, and receive compreeeed air throagh opening upon the port* of the 
main piston B, The alternating action thus obtained is tronsinitted by a rigid rod Z to a ratchet 




wheel Y, fixed np the rod A, in the fore part of the machine. The feed motioD fs aocomplishcd by 
means of a screw, turiinl by a handwheeL The principal dimensions of tlie maobine are ; — Total 
length, 7 f[. 2 in. ; weiglit, 184 lb. ; diameter of tne cvltuder, 2) in. ; diameter of the piston rod, 
" ' 'a stroke, 7) in.; weight of the striking mssa, including 8-lb. borer-bit, 68 lb.; 



five pistons. Those which aotuate the rotating gear abo appear to be too mnoh exposed to injnry 
from dirt and gritty water. Tbe ratchet gear being eipowd, is liable to Injury from blows and 
strains othcrwiM cnnsed, and to be impeded in its action bj grit It is really only servioeable for 
horizontal holee and has almost gone ont of nee. 

The Burleigh rook-drill. Fig. 1932, consiats of a cylinder A, a piston B, with its rods, and a 
TKlve gear a. b. Both the back and forward piston-roilB paea Ihrongh atnfXng boxes in the cylinder; 
to the forward rod the borer-bit is fixed; the back rod, which is mode smaller in diameter ttun 
the forward rod, to give a larger piston area on that side, tenninates in an anoDlar protnberanoe. 
liiis is intended to strike alternately dnring its reciprocating motion the back and forward arms of 
the tappet lever a, to which the rod of tbe slide valve is attached. The rooking motion of the lever 
thus prodaced commnnicates the requisite reciprocating motion to the valve, and by this means the 
desired action of tbe piston is ensured. To eSeot tbe rotary motion of the latter, the hack piston- 
rod is provided with a spiral funther, which works in a oorrespondiiig groove in a cylindrical piece 
fitting into the bock portion of the cylinder. This cylindrical picoe is provided on the outside with 
teeth, thereby forming a kind of ratchet wheel. A detent held up by a spring prevents the pieoe 
from Inmingio one direotion.but allows it to revolve freely in the contrary. By this moans tbe piston 
is made to turn partially round during the liaok stroke ; but during the forwuil stroke tbe piston 
turns the cylindrical pieoe before described, the motion of which in that direction is unrestrained by 
the detenL The forward motion of the cylinder, or feed motion, is affected automatically by means 
of the screw, actuated by initable mechanism. This feed-screw passes through a gallows-ftamie 
^Dzed to the baiik end of tbe bed-plate and again through a feed-nut in the cvlincler. The end of 
the p{st<m Is drilled out, in order that the fced-ecrew may not be struck bv the former during its 
oadUaUons. The feed-nut is secured between two collars in a manner to allow of easy revolution, 
and its outer edge is cut into a tatohet, into which works a pawl actuated by tbe piston. The 
turning of the nut by this means upon the fixed screw moves the ojliuder forward. The 
mechanism by which this is accomplished is shown in Fig. 1932. When the tool has penetrated 
the rock, and the piston oonseqnently advanced nearer the front cylinder cover, the protuberance 
upon tbe back piston-rod strikes against a catch, and thereby releases a lever. The latter is 
then forced inwards by a spring, so as to be struck by the head of tlie piston at the return stroke, 
by which means it is again restored to its original position. The other end of the lever being 
connected Utihe pawl before mentioned, tbe feed-nut is turned bj tbe eiteut of one tooth. This 
action is repeated as the penetration of the tool progresses. Frequently the automatic feed gear la 
(Hoitted tiom the conitmction, and the necessary motion communicated by hand. 

Tbe principal dimensions of this machine ore tbe following; — Total length, 51 in.; weight 
166 lb.; disjnenter of cylinder, 2) in. ; diameter of book piston-rod, If in. ; djomeler of (toward 
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giston-rod,. 2} in. ; mftximnm length of stroke, 4| in. ; weight of the striking maaa, including 
•lb. borer-bit, 34 lb. ; length of feed, 22 in. In the Burleign machine there exists considerable 
complication of parts, and many are of a fragile character. The striking gear by which the valve 
is actuated is liable to rapid wear and frequent derangement. Also its exposed situation on the 
outside of the machine must tend to favoar the occurrence of such results. The mechanism for 
producing the automatic feed is delicate and somewhat complicated. 

The Kainotomon look-drill, Fig. 1933, is an improTement upon the Burleigh. It has a 
cylinder A, a putton and piston rod B C, and the valve gear at F. The valve is pivoted at H ; 
it has an arm O, the projection on which is struck by the two pistons alternately during the 
reciprocating motion of the latter ; by this means the requisite motion is communicated to the 
valve. The motor fluid is admitted through k and the ports g </, and exhausted through the port 
A. The rotation of the tool is effected by the same means in the ELainotomon as in the Burleigh 
machine, the position only of the parts 
being changed. The piston rod passes 
through a cylindrical piece D called the 
rotation tube, placed in the neck of the 
cylinder, and held in position by the 
washer D. This tube is provided with 
a spiral slot a, in which works a pro- 
jection 6 in the piston rod. On the upper 
end of the tube IK are ratchet teetn c, 
into which the pawl d is forced by means 
of a spring «, the pawl and spring being 
held in position by a gun-metal cap. 
The teeth and pawl are arranged so as to 
compd the piston rod to rotate during 
the backward stroke, and to allow it to 
turn freely during the forward stroke. 
In the forward end of the cylinder is an 
elastic packing ring £', which is held in 
position by a steel washer £ ; this serves as a buffbr to mitigate the destructive effects of the blow 
should the piston strike against the forward end of the cylinder. The feed motion is communi- 
cated bv hand, by means of the feed-screw L, which runs parallel with the cylinder, and is held 
bv the lugs M M cast upon the cylinder. The machine slides in the jacket T. The universal 
otunp U deserves special attention, as it allows the machine to be turned in anj^ direction, and to 
be fixed upon the cylindrical bar Y, by simply tightening the set screw W, which acts upon the 
gripping plates > and k, and the washer m. 

The following are the principal dimensions of the machine ; — Total length, 86 in. ; weight, 
205 lb. ; diameter of cylinder, 8^ in. ; diameter of piston rod, 2 in. ; maximum length of stroke, 
4f in.; weight of the striking mass, including 8-lb. borer-bit, ff3 lb. ; length of feed, 18 in. The 
valve in the Kainotomon drill is very sensitive to rough treatment, and in ordinary work constantly 
out of order. 

The characteristic peculiarities of the MoKean maohioe drill are shown in Figs. 1934, 1935. 
Besides the anterior piston-rod to which the tool is attached, there is a posterior rod which passes 

1934. 






1936. 

through the back end of the cylinder, and is prolonged through the valve and feed-gear chamber 
situate behind the cylinder. Upon this prolongation of the rod is an enlargement of an ovoid 
form, as in Fig. 1934. During the reciprocating motion of the piston, this enlarged piston strikes 
alternately the arms I and f which hang upon &e opposite sides of the piston rod. By this means 
an osciilating motion is produced in the rod upon which the arms are fixed, which is communicated 
to the valve; the form and action of which wfll be understood from Fig, 1934. To give the 
requirite rotary motion to the tool, the enlarged portion of the piston rod is provided wiUi spiral 
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teeth, which gear into oorreeponding; spiral teeth on a rotary oam-aiiindle e, provided with • 
ratchet wheel which is held bv a pawl, no that the cam may turn only in ono dtreotion, namely, 
during the bocknard stroke of tbe putoQ. To produce the feed motion, a ratchet wheel g is plaoed 
loosely upon the feed-acrew n. TliiB wheel is coanaoted by means of the arm q' with the arm or 
lever f upon the valve rod, aa in Fig. 1935, and by thia means the oecillating motion oF the latter 
U communicated to tbe wheel. This motion ig transmitted to a crowo ratchet-wheel p, which is 
held up to tbe wheel ^ by a spring, and by means of which ILe cylinder is moved forward npaa 
the feed-Borew n. Buch are the g^ieral and dUtinotive features of tbe HcKetu drill as applied in 
the Bt. Gothnrd tunneL 

The foUowiog: are the dimensioiu of tliis drill ;~-Tatal length, SS Id. ; weight, 150 lb. ; diameter 
of cylinder, 3 in, ; diameter of anterior pistou-rod, 2 !□. : diameter of posterior piston-rod 1} in. ; 
maximnm length of atrolw, i in. ; weight of the stiiklDg ma», includiog S-lb. borer-bit, 32 lb. ; 
length of feed, 12 in. 

Fig. 1936 is a section of the BMh's drill. As the details of ooogtrnction are therein clearly 
shown, a general description of the action will be snffleient to make it imderstood. The slid« 
vaJve is <$ the ordinary ebai&cter, and the mode of admittiog, cutting cX, and eihansting the 



moloi fluid premaely the same as in an ordinary steam engine. The valve ia worked by a bell- 
orauk lever oonnected with the piston rod in the manner shown in the drawing. Thus tbe motion of 
the valve U wholly dependent upon that of the piston. It will be observed that ample cleamnce 
space is provided at each end of tbe cylinder. To give the reqnisita rotary motion to the tuol, 
another arm of the rocking lever oomninnicates a reciprocating motion to a rod, to which are fixed 
two rstohet pawU held np gainst tbe teeth of a ratenet wheel npoc a oyUndrioat piece, throagb 
which the rod paseee st the upper end of the percusaion cylinder. This cylindrical piece Is pro- 
vided on the inside with a groove in which a rib upon the rod slides. The action of the pawls 
causes the wheel lo revolve. The feed motion is commonicated by hand in the usual manner hj 
means of a screw and crank handle^ or wheel, as in tbe Daboift-Franfois msohlne. Fig. 1931. Thisia 
tbe mode of feeding adopted in what is known as tbe low-pressure machine. In the bigh-pressure 
machine, which is made of small cylinder dimensions, the feed is mode automatic by oonnecting 
tbe mecboniam with the rotating gear. The Sach's drill has bad extended application in 
Germany. 

In the Inger»>ll rock-drill, Fig. 1937, E is tbe aylinder, U the piston, and L the piston rod. Tbe 
valve gear is actuated by the piston throngb the medium of tappets, and oonsista of a slide valve 
H', two valve rode or spindles B, and two tappet levers H. The aolion of thli valve gear and of tbe 
pinion needs no description. The rotary mutton of the tool is obtained by means of the spimll* 
grooved bar S, reoessed into tbe bock end of tbe pidtun. A cap screwed into the piston is provided 
with studs or feathers to ran in the grooves of the bar. On ^e end of the latter is a ratchet wheel, 
into the teeth of which a pawl is held 

hy a spring. This pawl, aa in the cose l>3T. 

of some of tbe machines alreiidy de- — 

scribed, forces the piston to torn during 
tbe bock stroke, but allows the spiral 
bar to rotate during the forward stroke. 
The forward motion of the cylinder, 
or feed motion, is produced automati- 
cally in the following manner ; — As 
the tool penetrates the rock, the piston 
approaches the forward end of the 
cylinder, and strikes against a tappet 
lever H', which partially rotates the 
rod B in the manner shown in Fig. 

1937, This rod tuniB, by means of powls and ratchet tectli, a nut npnn the back end of the 
' '■•--' w the feod'Screw P, as shown at V. The rotation of this nnt upon 




ovlinder, through which not posses the fee 
the feed-screw causes the cylioder to adva 



The following are the principal dimensions of this machine ;— Total length, 30 in. r weight, 
15S lb. ; diameter of cylinder, 2| in. ; diameter of piston rod, 2 in. ; maximum length of stroke, 
i m - wdght of the striking mass, including 8-lb. borer-bit, 26 lb. ; length of feed, 19 in. 

The Darlington rock-drill. Figs. 1938, 1939, consists of only two parts ; the cylinder A, Fig. 19J8, 
with its cover, and the piston B, with its rod. The cover, wlien boiled on, forms a part of the 
cylinder ; the piston rod is cast solid with Uie piston, and id raodo sufficiently large at its outer end 
to lec^ve the tool. These two parts constitute on engine, and with less than one fixed and one 
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moving part, it ia obyionsly impoesible to develop power in a machine by the action of an elastic 
fluid. The piston itself is made to do the work of a valve in the following manner ; — The annular 
apace affording the area for pressure on the fore part of the piston, gives a much smaller extent of 
surface than that afforded by the diameter of the cylinder. Fig. 1938 ; and it is obvious that, by 
increasing or diminishing the diameter of the piston rod, the area for pressure on the one side of 
the piston, may be made to bear any desired proportion to that on the other sida The inlet port C 
being in constant communication with the interior of the cylinder, the pressure of the fluid is 
always acting upon the front of the piston ; oonseq^uently, when there is no piessuxe upon the other 
side, the piston will be forced backwaM in the cylinder. During this backward mot&n the piston 
first covers the exhaust port D, and then uncovers the equilibrium port E, by means of which com- 
munication is established between the front and back ends of the cylinder, and consequently the 
fluid made to act on both sides of the piston. The area of the back face of the piskonbeing greater 



1938. 



1939. 





than that of the front fiice, by the extent occupied by the piston rod, the pressure upon the former 
first acts to arrest the backward motion of the piston, which, by its considerable weight and high 
velocity, has acquired a large momentum, and then to produce a forward motion, the propelling 
force ming dependent fur its amount upon the difference of area on the two sides of the piston. As 
the piston passes down, it cuts off the steam from the beck part of the cylinder, and opens the 
exhaust The length or thickness of the piston is such that the exhaust port D is never open to its 
front side, but in the forward stroke it is open almost immediately after the equilibrium port is 
closed, and nearly at the time of striking the blow. It will be observed that the quantity of fluid 
expended is only that which passes over to the back face of the piston, since that which is used to 
effect the return stroke is not discharged. 

The means employed to give a rotary motion to the tool consist of a rifled bar H, having three 
grooves, and being fitted at its head with a ratchet wheel G', recessed into the cover of the cylinder. 
Two detents J J, Fig. 1938, also recessed into the cover, are made to fall into the teeth of the 
ratchet wheel by spiral springs. These springy may, in case of breakage, be immediately renewed 
without removing the cover. It will be obrarved that this arrangement of the wheel and the 
detents allows the spiral bar H to turn freely in one direction, while it prevents it from turning 
in the contrary. The spiral bar drops into a long recess in the piston, which ia fitted with a steel 
nut, made to accurately fit the grooves of the spiral. Hence the piston during its instroke is 
forced to turn upon the bar, but during its outstroke it turns the bar, the latter being free to move 
in the direction in which the straight outstroke of the piston tends to rotate it. Thus the piston, 
and with it the tool, assumes a new position after each stroke. 

The following are the principal dimensions ;~Total length, 36 in. ; weight, 100 lb. ; diameter of 
cylinder, 3) in. ; diameter of piston rod, 2^ in. ; maximum length of stroke^ 4 in. ; weight of the 
striking mass, including 8-lb. borer-bit, 35 lb. ; length of feed, 24 in. 

For holding the tool, the outer end of the rod is first flattened, to afford a seat for the nut 
Fig. 1938. The slot is then cut and fitted tightly with a piece of steel K, forced of the required 
shape for the clamp, and the holder is aiterwards bored to receive the tool while the clamp is in 
place. This clamp K is then taken out, its fitting eased a little, and its end screwed and fitted 
with a nnt When returned to its place in the holder, the clamp, in consequence of the clearance, 
can be easily drawn tight against tne tool, by which means it is nrmly held in position. The shank 
of the tool is turned to fit the bottom of the hole, upon which the force of the reaction of the blow 
is received. 

The absence of a valve or striking gear of any kind ensorea a high degree of durability, and 
allows a rapid piston speed to be adopted without risk of injury, whilBt as the piston controls its 
own motion, there is no liability to strike against the cylinder cover. 

This drill has been much used both in England and on the Continent, and its employment in 
many leading mines has contributed materially to solving the difQoult problem of increasing the 
speed of driving levels and sinking shafts by the employment of rock-bonng machinery. 

The Schram Rock Drill, Figs. 1940 to 1942, consists of the following simple moving parts i-^ the 
main piston ; /, the slide piston and slide; Ip g, the rotating movement with its piston. Fig. 1941 
shows a longitudinal section of the machine, and Fig. 1942 a plan with section of the slide box 
through g A. When the piston (/ is in the position shown in Fig. 1941, air, on the cock being opened* 
enters the cylinder e through the port 6, and pressing on the lower end of the piston d, forces it 
backwards, causing the backward stroke. As soon as the piston d has passed tne port e, the air 
rushes through that port into the small cylinder g, in the slide box. At this moment when the air 
pressea upon the upper end of the slide piston /, the cylinder A in the opposite end of the slide box 

8 b 
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U In oommunieeMon with the ooUet . through the port i and fto dwulw hoUow in the pjaton n 
eoneeqaently the dide plrton with the llidell mored downmidi, bo that the pMMge A it opene 
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presses on the apper end of the piston, foicing it forward, and thos eansing the drill, earned in a 
socket at the extremity of the piston rod, to strike with the impetus of its own weight and all the 
power of the compressed air against the rock. As soon as the piston d has passed the port t, air 
enters through it into the cylinder k. At this moment the cylinder g communicates with the outlet 
8 through the port « and the circular hollow r in the piston rod, and the slide piston with the slide 
is movS back into the same position, as shown in Fig. 1941. Meanwhile the piston d has completed 
its stroke ; the cylinder c' is, through the passage h, in communication with the outlet « ; and 
compressed air again rushing through the re-openra passage 6 causes the action just described to be 
repeated so long as the supply of motive power is kept up. 

It is an important feature in this machine that the slide rod / is made in the form of a double 
spindle-valve. By this method of construction it remains in position without any recoil untU the 
piston d has made the greater part of its stroke. 

As in some varieties of rock it happens that the drill often sticks fast, there is a reversing rod t 
to suddenly reverse the slide^ and thus puU the drill out of the hole. 

With careless workmen it would frequently happen thnt the piston would strike against the 
lower cylinder cover, therefore there is an air cushion at the lower end of the cylinder. In addition 
to this there are an iron ring and an indiarubber washer, exchanged for one of wrought iron when 
steam is used, with the object of moderating the violence of the shock such blows, inadvertently 
permitted, would cause. 

In order that the hole drilled be perfectly round, it is necessary that the cutting tool should 
partially rotate at each backward stroKCb so that its cutting edge shall every time strike the rock in 
a fresh place ; but in order not to lose any power it must always make its forward stroke without 
rotating. For this purpose a twisted bar is employed, connected with a grooved disc jo, and a 
brske o acted upon by a small piston /. Communicating from the slide box with the main cylinder is 
a small port m, by means of which the compressed air exerts a constant pressure upon the upper 
end of the piston I, When the main piston d makes its backward stroke, the cylinder c' is in com- 
munication with the outlet, and consequently there is no pressure on the lower end of the piston /. 
The constant pressure on the upper end of this piston, therefore, now presses it upon the Drake 9, 
which presses upon the disc jp, preventing it from turning, and tiius the main piston d is foroed to 
partially rotate round the twisted bar secured to the disc But when the main piston makes its 
forward stroke, and steam or compressed air fills the cylinder c', the motive fluid enters through the 
small ports u k, and presses on the lower end of the piston /, thus oounterbalanoing the constant 
pressure on the upper end. There being now no pressure on the brake g, the disc p is free to 
rotate, and the piston d makes its forward stroke without rotating, partially turning the disc as it 
proceeds by means of the twisted bar. 

In all cases a manual feed is to be recommended, as in some rocks the drill will occasionally 
stick fiist When this happens it takes much longer time to clear the cutting tool if an automatic 
feed is in use, than in simply giving the handle of a manual feed a turn or two, which is all that is 
necessary to loosen the drill and permit of the boring being proceeded with. Moreover, the work- 
men are never so attentive to their work when they have notning to do but to look on, as they are 
when they have the machine constantly under hand. Thus, apart from the increased complication 
and greater wear and tear to which even the best automatic feed motion renders any machine 
liaU^ such a feed has always been found objectionable in actual practice. 

The feed can be made as long as desirable, but in the large Bchram machines it is generally 
such as to enable holes of 3 ft in length to be bored without any change of drill points ; but 
the machines are sometimes made with a shorter feed, and consequent reduction of weight and 
length. 

Through the perfectly free action of the main piston, and beeause the motive fluid is admitted 
to the whole surface of its upper end, each blow is extremely powerful ; moreover this free action, 
combined with that of the sliae piston, allows the machine to be run at a very high speed and enables 
it to be worked with a very low pressure. Its principal feature, however, is its remarkably small 
consumption of compressed air, as an air compressor which would only be able to drive one 
machine constructed on the early systems, will easily drive two of Schram's, the diameter of 
cylinder beiiiff the same in both cases. There being no parts exposed to blows, and the principal 
parts being directly actuated by the motive fluid, this machine is less liable to wear and tear 
than those of other systems. It should also be observed that the working parte are all inside the 
cylinders. 

Fig. 1943 is a perspective view of Bchram*s rock drill mounted on an a^justeble tripod. 

Aiwnming the necessity for a high degree of strength and rigidity in tiie support of a rock drill, 
it should also allow the machine to be readily adjusted to any angle, so that the holes may be bored 
in the direction and with the inclination require d ; otherwise the machine is placed, in this respect, 
at a great dieadvantege. If a machine drill is not capable of boring in any position, and in any 
direction, hand labour will have to be employed in conjunction with it, and such incompleteness in 
the work of a machine constitutes a serious objection to ite adoption. 

Besides allowing of the desired adjustment of the machine, the support must be if self adjustable 
to uneven ground ; as the bottom of a shaft which is being sunk, or the sides, roof, and floor of a 
heading which is being driven, present great irregularities of surface, the support must allow of 
ready adjustment. Thus the means by which thi» is effected shoiild be few and simple. A large 
proportion of the time during which a machine drill is in use is occupied in shifting from one 
position or one situation to another; and as this time reduces in a proportionate degree the 
superiority of machine over hand labour. In respect of rapidity of execution, it should be siiortoned 
OS far as possible. 

The .drill support must be of small dimensions, and sufficiently light to allow of its being easilv 

Eortable in the limited space in which rock drills are used. Af|f>r every blast the dislodeed mck 
as to be removed, and rafudity of execution requires that the operations of removal should 1)0 

3 R 2 
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carried on without bindr&noe. A drill support (bat occnpies a Lirge proportion oT the frse spftoo in 
a Bhaft or bea<)iTig is time a caase of inooDVenienoe and a, source of serioua delaj. In undorgroimd 
workings, munual power U geoerall; the only power available, nnd therefore it is desirable tbftt 
both tbe mauhiue and its support sliould be uf such weigbt that each may be lifted by oae 

In spaoiotu lieadings, Huoh na are dnven in r^iilway tannol work, Bupporbi of a special kind may 
be Qsed. In these situalions, tbe oonditions of work aro diSi^n-nt from thoae whioli pzist in niiiiea. 
The «pace ia leas limited, Ibe headiiig is commeooed at surface, and the floor laid with a tramway 
and si'lings. Id aiioh a case, the sappoct may consist of ft maastTe etructme mouatid upon 



wheels to mn upon tbe mUs. Tliia sapport will oarty several machines, and to remove it out of 
the way when occasinn requires, it will be run back on te a siding. Bnt for ordinary mining 
purposes, it is unsuitable. ' 

Tbe simplest kind of support is the stretclicr bur, Fig. 1914. This consists of a bar go ood- 
stracted that it may be lengthened or Hborteni-d at pkasure by means of a screw. It is fixed in 
position by si'iewing tbe ends into firm coiibict with Ihe siiies, or wilh the roof and the flour of a 
bending, or with tbe side of a shaft. Tbe niaoliine is fixed to tliis bar by menus of a clamp, wbioh, 
wi.en loosened, siidr s along the biir und sUows tbe driU to be piseed in the reqaind poeiiioti. and 
to be directed at the rt^uired angle. The stretcher bar, Fig. 1944, is that whieb is used with tiie 
BchMun drill; In it risidilj and lightness are combined in Ihe liighest poetible degree by ado|iting 
the hollow siction. The mcde of celtiog Ihe stit trber bsr in a shaft is indieated in Fig. 1943 ; in 
this eo^e two drills are woiked upon tUe same 1>ar. A similar mode of tixing the bar Lb adopted in 
ft heading ; hot the nsually smalU r dimeDsioDs uf the latter excavations render it iDcooTcnient to 
work two drills npon one bar. 

In headings, a more SBtisfactoTy support is affnrded by a bar snitabiy mclinted apon a carriage 
designed to run upon ruils. Tbe carriage eonsials simply of a trolly, lo tbe fore part of which ^ 
bar IB fixed by some kind of hinge joint. It ia obvious that the details uf the construction of this 
support may be varied i-onsiderably, and nnmorons designs have been introduced and adopted. 

Schrsm a carriage tupport, or gadding car, for driving galleries and headings, is sliown in 
Pig. 1946 : it consibts of two verticS slretibtrs, on which the rock-bnring machines are arrangid, 
and from which they may be dincb d at any desired angle. Each carriage will aceommodute from 
two to four macl.ines. 

When the carriage is at the working face, the slretcbers, whieh doring the removal have been 
lifWd by means of iiut", are lowered on to a piece of hard wood; the atrttchera sre then fastened by 
npp) r screws, a pitce of wood laving first been fixed atwve tlieir crowns. When the main air-pipe 
is coiiu<eted with tbe carriage, tlio marhinc may be levelled to any desind height, and when 
fixed by liie univiraiil joints to ohiih the machines are attached, the boring may at ones com- 
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enongh to allow the Btretchers to reoiain upright while the support is remoTed, it is only neoe»- 
sary to remove the screws by which they are held, and the stretchers can be laid beck on the 
carriage. 

It will be seen that this support is easily fixed and removed, and that it allows a free space for 
the boring machines and the workmen, while the machines may be directed at any desired angle. 
There is no doubt a greeX advantage in working with two 
separate supports, for when the d^ris from one side has been 
removed^ the boring can be recommenced with one support 
while the other side is being cleared, and thus a considerable 
saving of time may be effected. 

For open work, as in quarrying, where the stretcher bar 
cannot be used to steady the machine, heavy weights are some- 
times hung upon the legs of the tripod, and for the boring of 
vertical holes, the supports generally employed are tripods. 
One attached to the machine, Fig. 1943, consists of three legs 
jointed on to an iron frame. The front portion of tliis frame 
is a cylinder on which the rock-boring machine ia held by 
means of a movable universal joint. Each leg can be easily 
lengthened or shortened by a telescopic arrangement, so as to 
suit any inei^Uhlities of the ground ; and so long as the weight 
of the machine is kept behind the two front legs of the tripod, 
holes can be drilled vertically or at any slant 

Other machines are fitted with three legs, so that a sepa- 
rate universal joint and tripod are unnecessary. This form 
U admirably adapted for quarrying and workings where a 
large number of small holes are required, as one man can 
comfortably move about and fix the entire apparatus wherever 
desirable. When it is necessary to bore holes close to a per- 
pendicular wall of rock, the back leg can be removed and the 
machine allowed to rest against the rock on its two front legs ; 
in this way holes may be drilled at the very foot of the straight 
wall. 

A long, low support for drilling horizontal holes, with a very great resisting power being placed 
in its rear, can also often be employed to advantage. 

In boring holes in a horizontal or downward direction for which water must be used, it is 
advisable to employ compressed air to inject it This can easily be done by having a wrougbt-iron 
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air-tight cistern, either running separately on wheels or attached to the carriage, into which com- 
pressed air Ib admitted by a branch from the main air tubing. From this the water is led to the 
face bv means of flexible tubes, furnished with cocks, allowing a thin stream to be forced into the 
holes by the air pressure on the surface of the water in the cistern. The attendance of a man or 
boy to apply this water injector may be dispensed with, by clamping the nozzle or cock-piece to a 
universal clip working on an irod rod, which, resting against the side or fiice of the rock, allows the 
jet of water to be directed into and in a straight line with the hole being bored. 

When machines driven by compressed air are worked at any distance from the compressor, it is 
necessary to have an extra air receiver a short distance from the face, in order to counteract the 
draw or friction through the tubes, especially if these are of small diameter. 

It is sometimes the case that winches and other machinery in different parts or a mine are 
driven by comprc^ssed air, conveyed in branch pipes from the main tubing. In such cases separate 
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air receivers aro very neeesBary. as all fluids have a tendency to rush with the greatest velocity to 
the largest outlet ; and, without receivers tu equalize the distribution, machines oonsuuiing the 
lea^t quantity of air would be iosufflciently supplied. 

Fig. 1947 is an elevation of a complete boring plant, arranged for driving a level and shaft 
sinking simultaueously. a is the boiler; b, air compressor worked by steam engine witli cranks at 
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right angles ; 6', connecting pipe between air compressor and air receiver ; c, air receiver fitted with 
safety valve and pressure gauge ; J, air pipe down shaft : «, small air receiver, at junction of level 
with main shaft, to distribute air ; /, air distributor to distribute air to two or more machines ; </, 
flexible indiarubber hose ; A, rook drills mounted on stretchers • ; k, rock drill for shaft sinking 
connected with main pipe by flexible hose / ; /, half length of stretcher used for shaft sinking. 

In order to ventilate the face of a heading, it is well to lay a branch length of tubing from the 
main tubing to the face, with a cock at the junction, so that after blasting, when the air is not for 
the time required for the boring machines, this cock can be opened and the noxious fumt s from the 
explosives driven out from the face. If this plan is not followed, either the workmen must remain 
idle for some time, or else the indiarubber hose must be carried up to the face through all the 
smoke and bad gases, and thus be exposed to considerable damage and knocking about. For the 
branch tubing, old imperfect pipes may be utilized. 

In open blasting above ground, in many places where the quantity of work done is not very cpreat, 
as in small quarries, and the like, rock-boring machines are often from various causes worked directly 
by steam. Still, though some rock-boring machines work admirably with steam for the motor, and 
though by using it instead of compressed air, the saving in fuel is often as mudi as from 50 to 60 
per cent., it is generall^r advantageous to employ air. When the machines are cold, as is always 
the case in working with air, thev are much easier to fix than when heated with steam ; the 
operator is not inconvenienced b>y the exhaust steam ; the machines require less lubricating ; and 
the hose will last oonsiderably longer. Summing up these advantages, it will be found that 
the saving in oil, in hose, and in the time occupied in fixing the machines, more than counter- 
balances the increased consumption of coal, and in a short time defrays the cost of an air compressor. 
If there be available water power to drive the compressor, of course the advantage is all on tne side 
of air. Moreover, if steam be carried a long way, large tubes must be used, and the pressure is 
also materially reduced; and every rock-boring machine works better at a low pressure when 
driven by compressed air than it does when steam is used. 

It is almost invariably found that whenever hand borers first commence to use machines, they 
endeavour to follow their old custom of putting in holes here and there indiscriminately ; this 
mnst at once be stopped, and regular systematic working insisted upon. For instance, in open 
blasting they must proceed in steps, or tiers, and bore the holes in rows. By so doing the total 
result of the blasting is infinitely greater, because the holes have a better general effect; 
and a good place for fixing the machines being always procured, there is a great saving in 
time. 

The rows of holes should, in most cases, be discharged by electricity, so that through their 
simultaneous explosion the greatest possible effect be obtained. Isolated noles not connected with 
tlie system may ne fired one after another by safety fuse. 
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For large ezcavatioDB it is advisable to bore holes of a large diameter, 
from 10 to 15 ft. deep, uslDg a large-sized machine on a heavy tripod ; but 
in ordinary cases, where the most advantageous holes are those of from 5 to 
6 ft. deep a smaller machine, made with the legs fixed directly on to it, 
which one workman can easily handle and fix wherever desirable, is the 
best. 

For quarrying very large blocks of stone, special supports adapted to 
the nature of the work must sometimes be employed, though the small 
machines with legs, just mentioned, will generally be found siSScient. The 
plan followed, when the quarry is properly kept so as to have two sides 
open, is to bore a row of holes parallel with the face, and then to discharge 
them simultaneously by electricity. By this means an effect not to be pro- 
duced by any other means is obtained, the superiority of which is eminent. 
Great judgment is requisite in charging these holes, so as to loosen the 
mass of stone without splitting it up ; and if the experience that can 
alone determine the exact charge is lacking, it is far better to under-load 
than to over-load them. 

There are several different shapes of drill-bits used in machine boring. 
We 'have already referred to this part of the subject in the article on 
Blasting, p. 132. 

Whenever machinery is employed in rock-getting operations, the holes 
should invariably be bored as deep as possible, that is to say, as deep as 
the explosives osed will produce a eatistactory result For instance, if holes 

1 yd. deep are drilled in a gallery, and after proper blasting leave sodiets 
of 1 ft., it is a proof that thev are too deep, and then shorter holes, say of 

2 ft. 6 in., must be tried. The advantage of deep holes is that thereby a 



twofold saving is effected; the gain in time by reason of the fewer 
fixings and removals of the machines ; and the diminution of working 
expenses. 

In galleries, headings, and shafts, it is always necessary, unless the 
whole face can be fired at once by means of electricity, to first blast out 
one portion of the rock so as to liberate the remainder. In so doing advan- 
tage must be taken of any natural features such as slips, shakes, veins, 
beds, facings, or wads, which the stone may present ; the mode of proceeding 
will of courbe vary according to the drcnmstances. 



1 

'■■''a 



1 

m 








.^M^ 



984 



ROLLING STOCK. 



When the rock is solid it will generally be fonnd most advantageous to bore rows of holes 
directed towards the centro, to be fired before the side holes, which they are intended to liberate. 
These liberating holes for the most part require charging a little heavier than the side holes. 

Tiie rate of progress which is possible by using rock drills instead of hand labour is exceedingly 
difiScult to estimate, inasmuch as it depends to so large an extent upon the local peculiarity of 
a rock, which is an ever- varying qnuntity. No calculation can be based upon the statement that 
a given rock drill will bore a certain mimber of holes the given depth in granite in a minute, 
siuce there are no two granites alike, either in composition or mechanical structure, whilst it is a 
well-known fact that granite is by no means the hardest or most difficult rock with which an 
engineer has to deal. As an approximate guide, however, tiie following data obtained from 
practice with one good rock drill of modem construction, having a cylinder of 2} in. diameter, and 
working in a level of 7' by 7', is of interest ; the time occupied in each case waa four weeks, the 
explosive dynamite. 

Pboobess made with one Rock Drill. 



Strata. 



In sandstone conglomerate 
„ mountain limestone .. 
„ Cornish capel .. 

„ green stone 

„ granite 



Pret«areof Air. 


Distance. 


lb. 


yd«. 


40 


30 


34 


28 


50 


18 


50 


16 


45 


20 



ROLLING STOCK. 

The improTements which haye been effected in the construction of passenger rolling stock 
since the intniduction of railways are very considerable, but nowhere is this more noticeable than in 
the case of third-class carriages. At first the third-class carriages employed for short distances 
were simply open trucks, without any seating accommodation ; for lunger journeys seats were pro- 
vided, but no kind of protection from the weather, or from the dust, or sparks friim the engine. 
Now we find tlie third-class carriages on many lines rivalling in comfort and convenience the 
accommodation provided for first and second-class passengers. 

In the present article we have endeavoured to present as large a number as possible of the 
difiereut types of British, Continental, and American passenger carriages and goods waggons, so as 
to show the present most approved and generally practised methods of construction, rather than an 
elaborate treatise on the scientific principles of construction. 

For passenger traffic, long carnages will be found to run very much easier and steadier than 
short ones ; while in cases of collision they are considerably safer, being not nearly so likely to mount 
on each other as the shorter and consequently lighter carriages. This fact is very generally 
recognized at the present day ; for whereas formerly all passenger carriages were carried on four- 
wheeled underframes, the first-class carriages consisting of three compartments, and the second and 
third usually of four compartments each, we now find the carriages LX>nstructed with five, six, or 
more compartments each, carried on underframes supported by six wheels, or by two four-wheeled 
bogie trucks placed near the ends of the umlerframe ; and besides this increase in the number of 
compartments, the several compartments are now much longer than they were formerly made, which 
still further increases the length of the carriage. 

As regards the seating of passengers, the safest way, though not perhope the most sociable, is 
that adopted in omnibuses or tram-cars, namely, longitudinally, shoulder to shoulder, instead of face 
or back to the engine; the risk of serious injury from any violent concussion being much less 
with the former method of seating than with the latter. 

The underframe is the foundation of the vehicle ; it should be simple, durable, and strong, easily 
repaired, easily maintained, and should carry its load aud resist concussions without injury or altera- 
tion of form. The alterations of form to which underframes are most liable are, hogging, or droop- 
ing at the ends, rising at the middle like the back of a hog ; and going out of square horizontally, so 
that the frame ceases to be rectangular. Both of these affections are injurious, the first chiefly 
because it strains the body, or upper works, loosening the joints, splitting the panels, and jamming 
the doors ; the second because it also strains the body, and besides deranges the wheels and axlea, 
causing irregular movements on the rails. One great and principal cause of hogging arises from 
the friime being unequally supported by the springs ; as, for example, when the centres of the axles 
are too near, leaving the ends insufficiently supported. Hogging may be partially checked by 
placing the heart side of the sole uppermost, and oy placing the wheel centres sufficiently far apart, 
at a little over half the total length of the underframe ; or it may be entirely pn> vented by stiffen- 
ing the frame with iron plates, or by trussing. The conditions nccesniry to be fulfilled in order to 
obtain a strong, simple, and durable underframe are, that it shall be simple in its arrangements, few 
in its parts, direct in its connections, and completely defended by springs. 

Wheels and Axles. — The body of the wheel should be independent of the tire for its form and 
strength, so as to remain unalterable whatever may be the condition of the tire. For this reason, 
the spokes of the wheel should be sufficiently numerous to maintain the rim infiexible; a 3-ft. wheel 
having a minimum of eight spokes, which would give, at the rim of the wheel, intervals of 12 in. 
between the spokes. Disc wheels are, however, much to be preferred to spoke wheels, as they may 
be more simply made, and affonl a continuous bearing to the tire. 

The tire, or wearing part, should be quite distinct from the body of the wheel, so as to be 
readily renewable, and should consist of a rigid ring, capable of preserving its form even after it is 
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well worn. The most usually employed material, both for tires and axles, at the present time, is 
Bessemer steul. 

The body of the wheel should possess some amount of elasticity, so as to cushion the blows 
radially, and to resist those from lateral concussions; a condition which is admirably fulfilled by 
Mans^U's wooden disc wheels. 

The necessary variations in the diameter of the axle should be made gradually by a series of 
undulations or curves ; not suddenly, by steps : so that the elasticity of the axle may be uniform, 
and the pulsations by concussion uninterrupted. The fulfilment of this condition greatly promotes 
the duraoility of the axle, a square neck or shoulder being an incipient fracture, which sooner or 
later is sure to produce failure in the axle. 

Axle Boxes, — Axle boxes are in good working order when the lubrication is free and constant ; 
when there is no heating, no waste of grease; when the external dust and grit are excluded ; when 
there is no lurching fore and aft, and no injurious end play. In order to fulfil these conditions, the 
bush should fit easily upon the journal, and should be tight nowhere ; the grease chamber should 
be capacious and kept full of grease ; the grease holes should be wide, and should be occasionally 
probed to clear the passages ; the axle box should be entirely closed upon the journal ; and there 
should be provision for readily compensating the end wear. 

Axle boxes should be of toughened cast iron, and they mny be in one main casting, in two cast- 
ings, or in three. The fewer the pieces, the less is the probability of loose working or noisiness ; 
but the less is the convenience also, for by casting the cover and the bottom separately from the 
body of the box, they may be removed at any time, and the interior freely inspected and cleaned 
out ; while by properly fitting and fixing the castings tp^other, the cover lieing held down simply 
by the spring, and the bottom fixed up by two bolts and cotteifs, with a thin packing of leather or 
hemp to take off the concussions, apractictdly tight and solid box is obtained. 

The guiding grooves on the outside of tiie axle box should be of the full depth of the box, to 
ensure steadiness, particularly if the spring be not bolted to the box ; they should be only just slack, 
longitudinally, between the horns of the guard, so as to keep tiie axles square : and for high speeds 
Ihev should be only | in. wider than the thic^ess of the g^uard, laterally ; but for low speeds, of 
under 20 miles an hour, they may be } in. wider, as the lateral freedom steadies the motion, aud 
reduces the tractive power required. 

Bearing Springs. — ^The bearing springs are formed of steel plates, of a general width of 3 in., by 
■^f in. thick ; the top and bottom being \ in. thick, and the number of plates nine or ten. The 
springs have usually, in addition, a tension plate of wrought iron, } in. thick, placed upon the top 
plate ; eyes are worked in the ends of this tension plate to receive the suspending links, which are 
pinned to them and to the scroll irons, these latter being simply plain wrought-iron brackets, which 
are bolted to the underframe. The ordinary length of the springs, when weighted, is about 
5 ft. 3 in., the tension plates 5 ft. 6 in. to the centres of the eyes, and the scroll irons 6 ft. apart 
between the centres. 

The spring should not be bolted rigidly to the axle box, but should be simply placed upon 
it, to promote free action, and sufficiently chocked to prevent lateral displacement. 

Axle Guards. — Axle guards, or horn plates, are formed of wrought-irou plate, | in. to f in. thick, 
and are bolted to the inside of the side soles, and they are generally made of the form known as the 
W* ^^ these the guards are usually of bar iron 3 in. wide, doubled up at the forge to form the 
guides or horns, and with wiqgs of bar iron 2^ in. to 3 in. broad, welded to the guides pear their 
lower ends, and carried up with a spread to join the side soles ; the guards being 2 in. thick, 
and secured to the side soles by f-in. bolts and nuts, three in the bend and two in each 
wing, making seven in all. The extreme bolts in each guard may be as much as 3 ft. apart ; 
for the farther apart the more command they have over the wheels and axles. Laterally, 
tlieir stifiness depends on the depth of their hold upon the side soles, and they should 
therefore be applied for its whole depth, or as much of it as may be convenient. Besides the 
spread, the solidity of the bolt fastenings id to be regarded. If the bolt heads be received, on the 
outside, merely on washers, they are liktly to work loo$e in the timber, which is wanting in firm- 
ness to resist the tendency of the bolt holes to wear ovally. The bolt heads should be received upon 
large washer plates, i in. thick, counterparts, in fact, of the bearing surface of the guards inside ; 
these washer plates, embracing a large surface of timber, bear solidly and firmly, and keep tlie bolts 
tight. A still better plan, both for simplicity and firmness, is to cover the whole area of the side 
sole at each g^ard with sheet iron to the depth of the sole ; or where the side soles are plated over 
their whola length and depth, for the general purpose of strength and simplicity, no washer plates 
are required at all, and at the same time the best possible surface is afforded for bolt hold. 

The ends of each bar are tied together by a strap bolted to them, and it is common also to 
connect the guards, on each side of the vehicle, with a U-in. round tie-rod, in order to stiffen 
the guards and to assist the frame ; this tie-rod being formea either in one forging with the straps, 
or separately bolted. The separate attachment is better then the continuous forging, as the straps 
may in the former case be more conveniently removed when the wheels and axles have to be taken 
out ; besides which, when the continuous forging is removed, the underframe obeys its natural 
tendency to collapse, or hog, and consequently it is troublesome to replace the tie. 

Buffing and Draw Sprin'js. — These springs vary considerably, both in their form and material. 
Sometimes laminated steel springs, similar to the bearing springs, are employed; in other cases, 
they are formed ot circular discs of indiarubber, these discs being strung upon the bufling or draw 
rods, and the separate discs being kept from contact by means of thin plates of metal placed be- 
tween them. A third form of spring employed is the helical or spiral spring, which is formed 
of a rod of steel twisted into a coil or volute, the section of the steel nid being usually circular, but 
sometimes oval; the volute pro()er is made of a plate of steel twisted into a coil. In some cases on*^ 
set of springs are made to do duty both as drawing and buffing Springs. 

Further particulars concerning, aud remarks upon the construction of, wheels and uxles, ai 
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■priDgB, vlll be round under tho licad of Guoda WagguDS, and in the article Aii.Ea and Axu 
Boxes in tliia Dictionary. 

Fifta. 1948 to 1951 relate to ■ second-olau carriage of the Great EBetern Railwaf, fitted 
with tbe WeBtinghonae automatic brake. Tbis oerriage is divided into five aoiDpBrtDienti, and 
ia i-arriad on aii vhecU, the end pairs and tboae in tbe centre being somewliat differently mounted. 
The materf&la employed in the oonatruction oF the carriages of which tbia is a type are tbrougbnnt 
of t)ie very beat quality, and the vorkmanBhip and style of fluiah are allogetber of a Tery inperior 
deBoriplion, ao that thecarriagea are excellent epecimena of the preaent etyle of pnssenger rolling 
Bicick oonstmction. Fig. 1948 is a half aide eleraCioD and half longitudinal section; Fig. 1949 a 
lialF end elevation and half ciom section ; Fig. 1950 a croaa section showing attachment of brake 
blocks, and Fig. 1951 a half plan of bottom framinfr and half plan of interior of carriage. 

The prtndpel (Hmensions of this carriage ar« as follows; — 

ft. in. ft. In. 

heagth of bottom frame over hettd- 

Btooka ■- 81 3 

Width „ „ .. 7 10 

Length over all Si 11 

Width over sole ban 7 01 

„ „ bottom atepboard .. .. 8 4 

„ „ top „ .... 8 8 

Diatancn between centrea of buffera .. 5 8 
Heiglitofoentresof bufferaaliove levul 

ofralla 3 5 

„ bottom atepltoard above level 

of rail* 1 9| 

„ top atepboard above level of 



7 



21 



Width of each compartment ., 6 

Total height above levL'l of rails .. II 

Diameter of wheels 3 

I Distance between wheel centres .. 10 ' 

, Total wheel base 20 

I Width of tirea 

Distance between centres of joomala 6 

Diometei of journals 

Length „ 

Diameter of aile at centre 

„ n wheel teat .. 

„ „ back of wheel sent 

Distance between gnatda, centre wheela 7 

„ > u end „ C 



Length of body 31 

Wi.ltb „ 

Ueiglit „ ontaiile, at sides 

The nndorframing is constructed of well-seasoned North American white oak, and cousists of 
sole-bars A, 9} in. deep by 4} in. wide, placed 6 ft. ^ in. apart, an angle iron B, of BU Btafibrd- 
ahire iion, (1 in. by 3] in. by 1 in., being recessed into each of them at the outer Imttom angle. 




The headstoi'ka are 4 in. wide by 11 i^ 
at the centre and 10 in. at tho ends. Four eroM 
bearers D, 10 in. by 4 in. ; four diagonals £!, 
10 in. by H in. ; four end lon^itudin^ F, 10 in. 
by 21 in. by 7 ft IJ in. ,- and six intermediate 
timbers Q, 10 iu. by 31 in. by 8 f L 2 in., and 
four G', 10 in. by 31 in. by 3 ft. AU of these 
timbers are framed together with mortises, tenona, 
jniiit^ and ironwork, the whole well fitted, and - 
beddeil in white-lead, and lionnd together with 
mongbt-iroD comer knees, and stntps, fixed with 
1-in. bolts, and J-in. tie-rods, secured with nut« 
bearing on washer platea. Each pieoo is marked 
from a template, »□ as to be interchangeable with 
any similar piece from another frame. 

The tires and axles arc of beat BosBemer steel ; 
the body of tbe wheel Iming of dry, well-seasoned 
Moulmein teak. The 1>ims and washers are of 
cold blast iron; and the sustaining rings of beat 

Lowmoor iron, intenbangeable, drillcil, and turned to gauge and templiLte. Tbe tires are 2} in. 

thick and 3 ft. 61 in. diameter on tbe tread : and tliey sre forced cold upon the wheels with a 

pressure of 200 tons, the wheels being forced on the axles with a preasure of 40 tons and keyed. 
The tires are tented by taking one out of every fifty, and prettiing it, when cold, into an oral 

form, by hydraulic power, when it must be oapoble of bearing, without fracture, a compression of 2 in. 

for each foot of external diameter. Tlie axles ere capable of staiuling, without fracture, five Hows 

from a 2000-lb. weight, falling from a height of 20 fL, the axle being placed on bearings 3 R. 6 in. 

apart, and turned after each blow. 

The axle boxes are of cast iron, in two parts, and are secored by }-in. bolts, tbe biBBses being 

1 iu. thick. These boxes are intended for Inbiicating with oil. 
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The axle gnards are of BB Staffordshire iron, f io. thick ; the end guards being secured inside 
the soles at 20 ft centres, and the centre guards stiffened by angle iron 3 in. by 2 iu. by { in., fixed 
outside by f -in. bolts. 

The bearing springs at each end consist each of ten plates i in. thick and Si in. wide ; the 
springs to the centre wheels consisting of nine i*in. plates and ^-in. iron packing piece ; the eyes 
Ming forged solid on the top plate. The top plate of each spring, when straight measures 7* ft. 
from centre to centre of eyes. The spring buckles are made of best Yorkshire iron, and are 3} in. 
wide by i in. thick, the bottom being | in. thick to clip the axlo box. The centre spring buckle 
has a spherical bearing at bottom working in a recess on top of axle box ; a |-in. rivet of the best 
cast spring steel, made from 6w( dish iron, passing through the centre, ikush spring is tested with 
steam and a deail weight, until all the camber is taken out, after which it must, upon being released, 
resume its original form. 

The draw gear is made of Yorkshire best iron ; the draw bar being 1{ in. in diameter at centre ; 
the side chains | in. in diameter ; the acrew coupling links 1 in. in diameter, with screw 1) in. in 
diameter, and five threads to the inch. 

The buffer springs are of indiorubber ; there being, in each spring, ten rubbers 4^ in. by 2^ in., 
and the discs separated by washers ^^ in. thick. The buffer heads are of wrought iron, 12 in. in 
diameter and | in. thick at the edge. The buffer rods are turned 2^ in. in diameter for a length of 
2 ft. 6 in. from the back of buffer head, the middle part If in. square, and the ends turned to a 
diameter of 1} in. to receive the buffer springs. 

The body framing is of pitch pine ; with the exception of the comer and standing pillars, 
upright battens of end framing, and elbow rails, which are of best Dantzic oak ; and the top light 
rails, which are of Muulmein teak. The outside panels and mouldings are of best teak, the former 
being full ^ in. thick ; these panels and mouldings being fixed with copper carriage pins. The 
inside casing is of }-in. pine boards, and the partitions of best Petersburg deals. The floorboards are 
of best Petersburg deals, in two layer**, 1} in. thick when finished ; the boards being laid diagonally, 
and put together with 3-in. screws. No. 16. All joints have a coat of white-lead before being put 
together; and the bottom, sides, and pillars are bound togetiier with wrought-iron knees. The 
body is cushioned with 8pencer*s indiarubber springs. The windows and side lights are fitted 
with best polished plate glass ^ in. thick ; the side lights having indiarubber strips on both sides 
of the glass in lieu of putty. 

Two continuous footsteps of pitch pine, 1^ in. thick, are provided on each side of the carriage. 

The hoop-sticks of the roof are of best ash, cut to the camber of the roof ; the arch rails pitch 
pine; roof boards of best Petersburg deals, f in. thick, tongued and grooved, and secured to hoop- 
sticks with If -in. screws. No. 16. The roof receives five coats of stout lead paint before being 
covered with roofing canvas, and then five coats of white-lead paint on the canvas ; the latter being 
carefully brought over the edge of the roof and secured under the gutter. 

The intemal fittings comprise curtains, hat cords, parcel netting, rails, and bracket, and 
carpets. The backs and cushion's of seats are stuffed with horsehair ; and padded arm rests are 
provided at each end under the windows. Two compartments, reserved for smokers, are covered 
with black horsehair cloth, and tlie remnining three with green Utrecht velvet. Ventilators are 
placed over each door and each side light ; these ventilators being covered outside with a metal 
h<x)d open at the bottom ; the inside consisting of two perforated panels, one fixed, the other sliding, 
so as to be closed or opened at pleasure. The smoking compartments have smoking tablets fixed on 
the outside of the quarter lights. Kach compartment is fitted with an 8-in. roof lamp. 

The carriage is fitted with the Westinghouse automatic brake. All holes in the brakework and 
blocks are drilled, pins turned, and wearing parts case-hardened ; the main pipes are of iron, best 
steam pipe quality, and the smaller pipes of oest soft copper solid drawn, } in. outside diameter. 
No. 11 B.W.G. thick. The brake is tested, when completed, with an air pressure of 100 lb. to the 
square inch ; under which pressure it must show no leflkkage, and must come on, or off, promptly. 

All ironwork is of best hammered scrap iron ; and all bolts and nuts are of Whitworth*s standard 
thread ; unless otherwise specified. 

The woodwork of the wheels has four coats of varnish ; the boss and rings are painted black, 
and varnishe<1 ; and the axles and outer edges of the tires are painted white. The springs, 
stepboards, and axle boxes have two coats of lead colour, and one coat of oil black ; the ironwork 
on underframe receives two coats of lead colour, two coats of bronze green, and lastly two coats of 
ramish. Care is taken that all dirt, rust, and scale is removed from the ironwork before painting. 

The interior is painted as follows; — The Imots in deal are first knotted, then one coat of 
flesh colour all over, then well sand-papered and puttied, and afterwards two coats of ground 
colour ; the partitions and ends being cream colour, and the other portions grained teak ; the whole 
lastly receivmg two coats of good first coating body varnish. The interior of the roof has two coats 
of oil white, and one coat of flat white. The floor is lead colour. The lap plates, comer plates, 
doorway plates, &c., are painted and grained teak. The intside of doori*, and round the side Ughts 
are well French polished ; and the woodwork underneath the seats is painted lead colour. 

A composite carriage of the Great Western Railway, built at the company's works at Swindon, 
from the designs of Joseph Armstrong, is shown in Figs. 1952 to 1954. Fig. 1952 is a half side 
elevation and half longitudinal section, Fig. 1954 is a half end elevation and half cross section, and 
Fig. 1953 is a half plan of framing and a half sectional plan of interior. This carriage is carried on 
two four-wheeled bogies, arranged with side pivots, that is, a pivot P at the centre of each side 
frame of the bogie, this arrangement being adopted in order to check the tendency to oscillation 
which is often found to exist in bogies with a single centre pin. Two pairs of sprines S are oarried 
on each bogie, one pair on each side frame being fastened to the same pivot. Each pair of these 
springs are connected at their ends by one pin passing through the two opposite eyes, these pins 
cttrryiug the suspended links L by which the carriage is supported, the weight being taken from 
the suspending links by the heavy wrought-iron hanger bars B, which pass down between the two 
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side plates of the bogie fituning, and there receive the ends of the eye-bolts carrring the Buspendiu^ 
links ; these hanger bars are shown in the side elevation Fig. 1592, and in section in Fig. 1593. It 
will thns be seen, that the extent to which each bogie can rotate to accommodate the wheels on a 
cnrve, is dependent npon, and limited by, the range of oscillation admitted by the suspending links ; 
bnt this, although not great, is snffloient to allow of the necessary motion of the bogie, while the 
carriage travels exceedingly steady, and with very little oscillation in any way. These carriages 
are supported on their bogies so near the ends of their frames that there is practically no overhang ; 
the only tendency to sagging being that most easily prevented, namely, between the suppoiia. 
The horn stay, seen underneath the carriage frame inside the wheels, is intended to act as a safety- 
guard in case of breakage of the journal, or any part of the outside bogie frame. Sufficient play is 
allowed to the axles to permit of free play in all directions. 
The principal dimensions are ; — 

ft. in. 

Length over buffers 49 

„ of body 45 fi 

Width of body 10 1 

„ inside 9 

Length of first-class compartments 7 

„ second-class „ 6 

Height above floor to underside of roof at sides 7 1 

„ „ „ raised central part of roof . . .. 8 6 

Framing : — Sole bars, wrought-iron angle plates, 9 in. by 31 in. by 4 in. ; 
headstock, oak, 12 in. by 4^ in. ; angle iron at back of headstock, 9 m. by 
3^ in. by ^ in. ; angle iron stiffeners, 8 in. by 3} in. by -^ in. 

Bogie i—Wrought-iron plates, 8 in. by } in. ; angle irons, 24 in. by 2^ in. ; 
distance between centres of bogie frames, 30 ft. ; distance oetween centres 
of wheels of each bogie, 8 ft 3 in. ; total wheel base, 38 ft 3 in. 

Wheels : — Diameter, 3 ft. 6 in., wood centres, Mansell's tire fastenings ; tires, 
5 in wide ; axles wrought iron, with case-hardened journals ; centres of 
journals, 8 ft 10 in. ; journals, 4 in. diameter, 10 in. long. 

Springs : — Eight laminated bearing springs, 6 ft. centres, each spring 
composed of ten plates 4 in. wide, namelv, nine plates ^ in. thick, and one 

1)late { in. thick ; two laminated steel buffing eiipd dntwing springs 6 ft 
ong, each spring composed of nineteen plates 8 in. wide, namely, eighteen 
plates } in. thick, and one plate } in. thick. 
Total weight, 18 tons 10 cwt. empty; or a dead weight of 7*1 cwt a 
passenger. 

The carriage is divide<l into four first-class compartments A, seating eight passengers each, 
two second-class compartments C, one at each end, seating ten passengers each ; and a centra 1 
Inggage compartment D : each pasfecnger compartment being lighted by two lamps of an improved 
pattern. Accommodation is thus provided for fifty- 
two passengers; but for short journeys four more 
second-class passengers may be carried, making a 
total of fifty-six. The first^ass compartments have 
walnut panelling with gilt mouldings, and are 
trimmed with blue cloth: they have also spring 
blinds of a new construction, which are considered 
less likely to get out of ordt-r than the description 
formerly in use. The second-class compartments 
have mahogany fittings, and are trimmea in blue 
rep. In addition to the usual ventilators in the 
doors, louvre ventilators of a special form arc placed 
in the raised portion of the roof, thus keeping the 
carriages thoroughly well ventilated without draughts. 

These carriages were specially designed for the 
broad-gaugB express trains from raddington to the 
West of England, and are constructed so as to be 
easily converted to the narrow gauge if this should 
be required. They have given every satisfaction for 
comfort, stability, and steadiness in travelling. 

Fairlie's improvements in the construction of six- 
wheeled bogie carria^ are indicated in Figs. 1955 
and 1956; Fig. 1955 is a side elevation of a carriage 
built on this principle, and Fig. 1956 a plan of the 
three bogie trucks. The object of this arrangement is 
to enable the wheels, and the bogie frames or trucks 
which carry them, to adapt themselves in . a better 
manner io curves of the line, without importing their 
swivelling movement to the body of the carriage. For this purpose three bogie or swivelling 
trucks A A' B are employed to each carriage, each truck being provided wiUi a single pair 
of wheels; and these trucks are connected together by suitable diagonal couplings or braces 
C, and support a rigid frame or carrier F, upon which the body S of the carriage is mounted. 
Each of these truc^ has a bogie centre E to receive a pin P on the rigid frame, the pins 
being preferably of large diameter ; but the middle truck B, instead of having a simple centre 
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to turn or Bvivel on the pin, \a fanned with k tmuTerse slide or ^roora K, Fig. 1957, which 
is &ee to travel along the pin, in aooordance with any gidolong moveuieat imparted to the tmok 
br the oaoatructioii o( the line, the trouk being aim Tree to turn on the aame pin. The pin P, 
Fig. 195S, ia ronnded aa shown to allow either of the wheels of the middle truck to rue or fall on 
goins round iharp cnrrea ; and as tlie part L of the frame F does not quite touch the bogie track, 
a little freedom u allowed fix this liae or &11 ; indiarabbei pads ol coshioiu faoed with mttal 




being plaoed between the fnune F and the aide frame of the bogie tmok at N. Baoh of the ont- 
■ide tracks A A' is formed at each end with a cnrved slot H. struck from the bogie oentre, and the 
rigid frame F is provided with pina to take into theee curved slots, so that while each of the tmoka 
U &ee to swivel mdependentlj witbont a&cting the movement of the rigid &une, the twivelUnx 
movement it properl; oontrolled. 



A third-olaaa eaniue of the Boothem Ball way of France, oonstmclsd at the GompanT's works 
at La Villatle, from the dcngna of Regrsy, is shown in Figs. 19S9 to 1961 : Fig, 1059 is a half 
longitudinal section and half side elevalioo ; Fig. 1960 a cross eeclion, and Fig. 11)61 a plan of 
intnior of carnage. The frame of this oarriajte is wholly of iron ; the soles' are of I eectioD, 
8-66 in. by 3-93 io. by 0'39ia.; headslooka of chann«l section, 8 '66 in. by S'7S in. by 0'39in.; 
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threeintermediate tranaverte bearers, also ofchanneleertion, 4-5 in. by 1-96 in. by 047 In. ; and 
fbordiagonalsof 3-I4in. by I'Se in. by O'.ll io. an -le iron, these latter passing over the topa of 
the tmtaverse bearers, the whole ftaming being well connected by comer brackets and gusaet 

K'atea. The eile guards are 1 in. thick, and are bolted to the frames. The bottom, sides, end, and 
termediale baia, and cant-ralls are of oak, the duoi and ooniei pillarg end rails are of alb, tutd 
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the lining of pine. The paneU Me 
the bodj, the joint covers being also < 
joiuts, and wcureil bj inut oorer »lripe, whioh 



sbeet iron, '06 in. thick, fttiil extend the vhole height of 

ton. The roof is coTered with sheet zinc, l»id with folded 

screwed to the roof-tticka. The floor of the 



closed by a collar of lealliar 

parts with oroased joints ; the box ia mode in two 
fartB. wliich are held togetbor by a couple of bolts, 
the joiut being made by the interposition of a leather 
ting. The guiiles are on the upper part ooly, and 
they aro made ao aa to give eucli axle box a play 
in the horn plati>s of ' 12 in. in oach direction trens- 
rersely, and -16 iu, in a direction perpendicular to 
the axle. The draB-bar is continuous, the centre 
portion of its lenpith being mnde up of a Couple of 
liutB, one of wliieh passes over and the other under 
the draw and butVcr springs. The buffer Bprings am 
independent of the draw-springs, bot when in plaoa 
they are connected so aa to have a compreseion corre- 
sponding to a lo«d of I'G tons, while the screw 
ooupling is proportioned, so tliat when the oarria^es 
are oonplttl up in a train there may be a normal 
■train on thesespringBof about 2'2 tons, thi< suQiciQK 
to ensure sleadineae. Tbe buffer springs are flied 
•t tbe centre of tbe carriage, so that tbey may abut 
directly on each otbet without putting a strain on 
the rmming. The baffel rods are guided at their 
outer ends, and are connected to the lop platM of tbe bnffei 
diroensimu of this carriage aie : — 




springs bj linlca. The prinelpd 



Total length over bnffen .. .. 23 3 

„ width over footsteps ,. .. 10 2 

Length over headatoobs .. .. 22 1I'6 

,, of lieadstocks 8 6-8 

Height of top of soles abora 

rails -8 9*7 

Height of coitres of bufl^ above 

rails 3 i'S 

Distance apart of centres of 

buffers 5 73 

Body;— 

Total length over cornices . . .. 26 0'6 

Length outside at top 24 1-4 

„ „ bottom .. .. 23 S-S 

„ inside at waist rails .. 23 8-6 

Width ontside at top 9 S 



Width outside at bottom .. .. 8 ' 

„ inside at waist laila .. 8 i 

Height outside at sides .... 6 

„ „ centre .... 6 1 

„ inalde at sides . . 6 

„ „ centre .. .. 6 

Total height of ontside of roof 

above level of rails 10 

Width of doors II 

Height , 9 

Length of each oomputment 

between pailitiona 4 

Bpaoo between seats 1 

Axles;— 

Diametei at centre 

~)„ ofteuings .. .. 

Lesgtli of beaiinga 
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Diataace between centres of 

bearings .. G 4-4 

Total toDeth of Kile 7 0-9 

Weight (^euh ailo 440 tb. 

Wbeela;— 

Wlieelbue It 9-2 

Diameter over tread 3 4'9 

„ of boag 1004 

Lengthofboas 79 

Springs ;— 

Widtb of platoB 

Tbidinew of plates 

Namber „ ,. 

Length of top plate between bearing points . . 

BpaD unloaded 

Camber 

Deflection a ton of load 

Weight 



Width of tire 

Normal tbiokncsa of tiree .. .. 

Height afflange 

DLdanee between inner aides of 

Weight of B wheel withoat tires 
Weight of a pair of wheola with 

tireeaDd axles : 

Weight of an axle box 



Weight of the carriage withont boating apparoti 

„ heating apparatus 
Duad weight a passenger .. 



Bearing. 


D«w. 


BalTcT. 


2-95 in. 






0-39 in. 






10 


9 


16 


4(1. 7-1 in. 








Bfl.2-2in. 


5 ft. 4-2 


6 in. 


S-9in. 


13 in. 


2-39 in. 


11 in. 

48-1 lb. 




114-4 lb. 


25Glb 


pparatna . 




4 tons 



The bodjof tbisetmiage ia divided into fire compartments oarrTing ten passengers eaeb. The 
central oompartment is separated from the others by partitions eitending tlie full height of the 
body, and ia reseiTod for ladies only ; the other ooDiurtmeDls being divided by half partitions 
only. The apeoe available for each panenger in 2 (t. 4 in. long b; 1 fL 9 in, wide. The seats, 



Fig. 1959, ore of a very eomfortoble ahapo : the backs being provided with division piooes, which 
Ss Iho position of the oantre passenger on each seat, an urangement which prevonta attempts 
to occupy the seats by (bnr passengers onl;. Wooden shelves are fixed in the position oocnpied by 
the nettinp in oarriagee of a snperior otoss, and these serve to aoeommodate small paokagea. The 
total interior area of the carriage at the level of the bottoms of the windows is 20S-S so. ft., white 
the cubio capacity per passenger ia 25'9 oub. ft. The weight of the carriage without the heating 
apparatus is equal to 374 lb. a passenger, or with the heating apparatus 414 lb. a passenger. 

A two-storied carriage, oonstmcted at the Railway Carriage and Waggon Works. Fribonrg, for 
the Vale of Toms line, in the canton of Zurich, Bwitzerland; Figs. 1962 to 196.^. Fig. 1962 
is a aide elevation ; Fig. 1964 an end elevation ; Fig. 1963 a longitudioal section ; and Fig, 1965 
a cross eection, half through the seeond-clasa, and half through the third-class oompartmeota 
on each floor. Carriages of this type are also employed on the Elaatem Bailwny of Franco; 
and on the Honntain Hallway over the Briioig. The underfiame of this carriage is formed 
entirely of wrought iron, and is kept very low, being curved upwards at the ends, so aa to arrive 
at the normal height of buQero. The side frames are composed of two channel irons, the upper 
. one A,5'9ia.b; 3-15 iD.,and the lower one B,3'94 in. bv 2-36 in.; those two channel irons 
being firmly connected by the horn plates, and by a central support to whioh they are riveted. 
The upper obanoel iron ofeach side frame ia straight for its entire length, and at the enda it is 
met by Iho lower one, whioh rises upnardH ; the two channel irons being oonoected here by strong 
end plates 0, of the shape Fig. 1963. The transverse connections between tbe aide frames consist 
of the bufler beuus D, whioh are likevriae made of channel irons, and of nine channel irons E, 
Fig. 1964 ; the frame being further stiffened by diagonal bracings. Tbe wheels ore of wrought 
lion, made aooonling to Branon's syatemn and the axles, tires, and springs are of Knipp staeL 
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end pbtfon 

Total length of body 

„ „ between buffers .. 

Width betweon centres of bnffors 
Height froDi level of raila to oeotre of 

buObre 

Told oataide width 

„ height ftboTO level of rails 
Length of end platforms and balooQies, 

Length of atepB 

Rise of Itepa 

Diameter of wheels 

Diatanoo between wliedoen tree.. 
Lower ttory ; — 
Height of floor above leTel of rsiU. . 
„ fh>in floor to ODdereiileof roof 

at c«Qtre 

WidthoaUlde 



3 9) 
10 2} 
15 61 



Width inrade 

Height „ 

Lei^h of flrat-olass compartment . . 
,, second-claao „ 

„ third-claas „ 

U^er etorj; — 

Height of Soor above level of ralla 
„ fVom Soor to nnderdde oTroof 

Height from floor to nnderelde of toof 

Width onlaide .. 

„ „ of raised portion of roof 

Height „ ,',' .'. .'.' .'.' ,. 

liength of Beoood-elaas oompartmeDt 

,, third-claas „ 



9 H 
1 10} 
5 lOJ 
3 61 
5 3i 
11 lU 

8 9 



S 10| 
15 sl 



This caniage ia divided into n flnt-class compartment F on the tower Btor;, tivo seoond-olaa 
oompartmenta G, and two third-class H, one on each storj ; and profidea seating Moommodation, 
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inoludiDK two eeala od tho npper balconiea I, for iUtj-aix posBeogcra. The seats in tbe flnt and 
seoond-alaaH oooiptirtincuU are npholstered in Utrecbt vi^lret, those of Ibe tbiid-clBw being fonned 
of poiuhed wood i&ilings, taaienod to light ftngle-iron frames, which ue shaped acooidmg to the 
(oriD of the body. Sliding TentiUtor* are pravided above sMb of the windows in the lower story, 
and In tho sides of tlie ndsed portion of tbe roof of the upper stor;. The wnnning is effected bj a. 



•mall trkniportaUe heating store, which is placed iu the lower story, after removing some of the 
teals ; and bora thi* stove the chimne; lends olT to the upper story, where it passes sWg tho 
root The weight of this carriage, when emp^, is 10 tons, equal to a dtad weight of 3 owt a 



Saloon oBd Sheping Carrwflei,— Figs. 1966 to 1969 ; Pig. 1966 is a side elevation, Fig. 1967 a 
longitudinal section. Fig. 196S a ciobb section, and E^g. 1969 a plan of a saloon carnage of tho 
Hungarian Btate Bailways. The nnderframe of this carriage is of the eomposito tvpe, the soles 
tieing of iron and the rest of tlie framo of timber. The body, which has a very slight Jatl under at 
the sides, projects oonsiderably beyond the Bolea, and is supported by wronglit-iron brackets, as 
shown in tbe oross section. Fig. 1968, these bracfets having indiarnbbar pads on their tops ; the 



body, however, rests also on the woodeo nnderframe. The body is 24 fl. 10; in. lonji, by 9 ft. 
wide ontside, and 7 ft. 7} in. high. Tho wheel baue is 12 ft., and all Ibe whrols are Ulted with 
brake blocks on each side. This carriage in warmed by Tbaiiim and Butijmilllcr'B apparatus, and 
is ligliled by fonr roof lumps li ; a veatiialor V being also fixed in the centre of tho roof of the 

This carriage ia divided into an open-sided gallery O, a saloon S, a small lobby L, a lavatory 
and water-closet C, and a small gallenr or end platform P, from wliich tho brake oan be vorked. 
The chief gallery or covered platform G, is 8 ft. GJ in. long, and is protected by dwarf sides, 



n to it being given by side doors D, opening inwaids ; oommnnioation with the next carriage 
10 obtained by means of the folding end-door "' " ' '- - " - 

spanned by a flap F, in tbe nanal way, and the fbl „ . 

^de band-rails. The roof over the gallery 6 is carried by fbnr cast-iron oolomni, and ci 



1b also obtained by means of the folding cnd-dDora ly, the spaoe between the carriages being 
inned by a flap F, in tbe nanal way, and the folding doors, which open outwards, forming tbe 
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proTtded to afford sbelter Troin the bhh and wind. Amind the eidea Mid end of tliia gollorjr us 
ananged seali B, of thin sheel iron pierced ho as to imituto eanework, whilo at the end a foldfQK 
table u provided. The roof of the gallery ia lined with American maple, with a bOTderof TDseoood. 
Fiom the g»llery G acceaa a obtained by a ceatnit door to the Mdoon S, which ia 13 fL in 



length. Tlie seats 1 in thia taloos an diapoeed as ahowa imd 

in the plan, Fig. 1969 : the back cuihionB of these seata, 

r, Fie^ 1967 and 1B68, being farmed hy mattreaies 

folded np, and theee mattreaaes when nDtolded and laid 

down, coDvert the aeata into very oomfbrtable .beda; 

while beneath tbe aeata are conunodiooa diawera A, in 

which bed linen, can be atowed. The roof of the aaloon 

la lined in a similar way to that of the open gallery, 

tha lining of the aides being of mabognny, inlaid with 

maple and roaewood. Tho aeats are npnolatored with 

iilk rep of a warm drab tint, and the cnrtaina are of 

groi da Sapia of a similar oolonr. A door gives aoceita 

from the aaloon to a small lobby L, from which two 

other doors open, one to the lavatoir 0, and tha other 

to the small end platform P. The iBvatory is 

niroisbed with a waahBtand uid the nsnal nttingd, 

white ttora beneath tlie waahitand a water-closet draws 

out; water being obtained from a tank which can bo 

■applied from the roof. The small ond platform P ia 

protected by dwarf aides, and is provided, like tho end 

gallery 0, with eide doors D owning inwarda and with 

folding doors D' at the end for giving access to the next 

earriago. In oonnection with the side doon of both the galleries G and F folding footstep* an 

provided, as shown in the erou section. Fig. 1968.. 

lu Figs, mo to 1972 is shown a hunting carriage, oi Jagdaagm, constnuited tor the nie of the 



Emperor of Anstria, at the works of the Bonthern Bailway of Anstrisk, ftom Ibe desigr 
J. and J. G. Hardy Fig, I&70 is a longitadinal aectioD ; Fig, 1978 a half cnw section bm 
end elevatioii ; and Fig. 1971 a plan. 
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The priodpal dlmensloiia of thU ovriage aro ;— 

ft. In. ft. In. 

L«agfliorbod7orerBll 28 101 Wheel base 12 5| 

n „ exoladre of end sal- Height ahore level of rail* to centre of 

leries 23 7} bnffera 3 S 

Total lenelh over bnffen 32 S| Height above level of n3h of floor of 

Width of bod; ouldde 9 3) end galleriea 3 10 

„ n (Qgide 8 loi Height above level of laila of floor of 

„ ofendgatleries 6 If ■alooD.&o 3 11} 

Total ontaide width over lamps .. ..10 9 Height above level of railB tooeulre of 

Height of bodjinmde at centra .. ..7 4} roof, outride 11 6| 

„ „ H gidea .. .. 6 10 

The nnderframe te of ir 

,laoed with tbeflangea out ... ._, ._ „ 

of timber. The carriage le fitted with a brake applied to both paiia of wlieela, thia brake being 



worked fhnn one of tlie end galleries O'. The brake blocks are tm, 

of cast iron, and are hung from their centres, nhile they are 
kept eteedjp nben out of contact with tho wheels, b; means of 
Bpringt B attached to them in the manner shown. The floor 
i4 double, and rests directly on the nndorframes, the body 
beiog thus principelty carried by the floor and tho floor fram- 
ing. The bndy is mode wiih vi:rtii^al aiilca ; the tramine being 
of timber, with the eiceplion of tbo intermGdisto side pillara ia 
the end cempartment, or verandah, which are of iron ; and the 
pancla also are of iron. Accesa is gained to tho carriage by 
end doors opening on to tbo end galleries O G'> thcsp galU-ries 
being made narrower tban tbo width of the carriago, so ns to 
enable steps to bo provided on each side without cileuding 
beyond the width or the body. The roof eilenda over tlio 
end galleries, being supported by light iron columns, which 
also form pillars for the handrails by which tho galteriea are 
protected. 

The general arrangement of tho interior of this carriage is 
as follows ; — There is first an open gallery Q, then a omport- 
ment T, Torming a kind of cloaod verandah, oa it is called, 6 fL 

1 in. long. Tho intermediate side pillara of tliia compartment are of iron ; tbo sash frames at both 
the aides and end being of brass, so as to render it pos.-^ible to make them of very small dimensions, 
•od thna give a large area of glaea with a ve>y small obstruction to tbo view; and thiaveraudah thus 
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fitmu a moat pleasant comptLrttDent for obterring the beautiful aoener; tniTeraed bj the nilway to 
which the carriage belongs. This oompartmetit is furoishei] with a couple or loimgine chain and 
Bt<N>L^ and ia deonrated wUh tapestry vork of appropriate deeign. The woodwork in uiia comport- 
ment ib of old oak, ipecially «elei:ted for its toughneea and fluo grain. The next oompartment A, 
Figs. 1970, 1971, is onl; 4 A. 7i in. loQg inaido, and is devoted to the adjntaut or other offloei Id 
sttandBocp. Tlw fitlingg oonsiat of a couch or geat, oonvorlible into a bed, on one lide, sod 
CD the other a wasbgttiud. beneeth Hhiob is arranged a mnall etove. The woodwork in thia 
oompartment ia of oak, and the trimming a of green and black striped silk. From the adjutant's 
compartment A, a door swinging either wnj gives Erce access to the main saloon B, devoted to the 
empiaror. This saloon is 9 It. 41 in. long, and its width 8 ft. 10; in., so that it is really, (or k 
lailwaf carriage, a speoioii^ apartment The decomtioos of this saloon are in eioelleot taste, the 
mouldings being of nalnnt and ebony, with handsome oarrings, while the ceiling is of elaborate 
parquetry work. The furniture consists of an ordinary armchair, an aimchaii with a sliding Cbot- 
•tool, a ocuch, a table, and a stove, this store being capped with green marble, and snrmonntod by 
» timepiece, as in tha cross sootion, Fi^. 1971. Beyond the saloon S, a short passage F com- 
mnnioatea with the end gallery G', sliding doors on each side of this passage respectively giving 
access to a lavatory and WHter-oIoeet L, and a small compartment V, intended for the aooommodft- 
tion of the emperor's servant or valet ; this latter ooinpartment also oontaini a gun rack and Ml 4m 
aaie. From the end gallery Q' the brake is worked. Eitenmlly the carriage is painted dark green, 
relieved by the imperial arms and mont^raiiis, in a lighter tint, and picked oat with fine gold 

The stoves employed in tbts carriage are Hardy's briquette stoves, which are aonstmoted to bum 
• specialty prepwed ortifloial fuel ; am. Iheee stoves have been found to give eicellant results In 
practice. 

The fuel wliiob is bnml in these stoves consists of briquettes fonnedof 80 per cent, of pulveriMd 
eharooal, and 1 '5 per cent, of nitre, held together by a composition composed mainly of lime. Tho 
dimensions of these briquettes are 3} in. by 2} in. and G in. liigh. Each pair of briquettes forming 
one of the six units, of wliiob each stove is usually composed, is contained within a small seporate 
removable casing, consisting of a pair of plate boxes renchiug np to one-half the height of each ' 
briquette, and perforated on all sides with oironlar holes; each of these casings being held on a 
separate shelf flied in the main internal onsing of the stove. These briquettes bum very slowly 
from top to bottom without dame, like a cigar ; each briquette lasting for ten hours witli Uie tnin 
running at fnll speed. To regulate the temperature, a grmter or less number of briquettes are 
employed ; and when the external air is at freezing point, a temperature of about 65° Fohr. can bo 
obtained In the carriage by the use of the whole number of twelve. 



Id Figs. 1973 to'1977 ia illustrated a sleeping carriage of the London and North Britiib 
Railway, constructed by the Ashbur; Bajiway Carriage and Iron Company, Manchester, which wtta 
the first of its kind built and worked in England ; having been intniduoed on the above line in 
1873, in connection with the through trains between London and Edinburgh. Fig, 1973 is k sida 
elevation showing the position of the Beats in dotted lines, and Fig. 1974 isa plan showing artknge- 
ment of berth ; i iga. 1973 to 1977 show the construction and arrangemeut in the seats and beds to 
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ftn enlarged scale, Fig. Id75 being a side elevation of aeat, Fig. Id76 a side elevation of bed, and 
Fig. Id77 showing a front elevation of the seats at O, and a front elevation of a bed at H. The 
whole of the framing and the external panelling of this carriage is of selected Moulmein teak, the 
Boles being strengthened by exterior 
plates of -f-in. iron ; these plates run 
the entire length and depth of the 
soles, and all the bolts which secure 
the axle guards and the other iron- 
work necessary for the construction of 
the underframe pass through and are 
secured to them. The carnage is 
mounted on three pairs of Mansell's 
wood-centre wheels 4 ft. in diameter, 
with wrought-iron bosses and steel 
tires ; and the body is secured to the 
underframe by bolts, passing through 
indiarubber body cushions placed 
between the underframe ana the 
double bottom of the carriage body. 
The roof is covered with canvas, 
bedded in white-lead, and painted, 
and the whole of the exterior of the 
body and , underframe is highly var- 
nished. The dimensions of the body 
of this carriage are; — ^Length 80 ft.: 
breadth 7 ft. 6 in. ; the height from the 
floor to the underside of the centre 
of the roof being 6 ft. 10 in., and 
12 ft} 




the total height above the surface of the rails about 




At one end of the carriage is a second-class compartment A, 5 ft 10 in. long, and at the other a 
luggage compartment B, 4 ft. long, 
the central portion being arranged 
as two first-class saloon compart- 
ments G, each 8 ft. 1 in. in length, 
divided by a lobby D, 4 ft. in 
length, one side of this lobby being 
fitted up as a lavatory E, and the 
other as a water-closet F, both of 
which are supplied with water from 
a tank T, earned in the roof ; while 
in the roof is also fixed a filter, from 
which water is supplied to the 
lavatory for drinking purposes. 
The lavatory is furnished with a 
mirror, a lamp, a marble washing 
bowl, towels, and other toilet requisites ; the water-closet also being fitted with a lamp and other 
conveniences. The windows of both these compartments are provided with sliding louvre blinds, 
and the glass is ornamentally obscured. Each of the two first-class compartments C provides 
sleeping accommodation for three persons, 

the doors leading into lobby D being pro- *®*^" 

vided with locks to prevent through com- 
munication when desired. These compart- 
ments are elegantly famished, the sides 
and roof being panelled with polished 
silver walnut wood, set with ebony and gold 
mountings ; the whole of the furniture and 
mountings, both outside and inside are silver 
plated, and the floors are covered with the 
best pile carpet laid on kamptulicon ; the 
seats and backs are trimmed with crimson 
Utrecht velvet on a basis of spring mattress 
with sofa springs, and stuflfed with horse- 
hair. The conversion of the day carriage 
into a sleeping compartment is a veij 
simple matter: the tiiree seats and their 
backs, in each compartment are so arranged 
that ou folding the seat up and pulling the 
back forward. Fig. 1976, which is very 
easily done, the latter falls down and forms 
a very comfortable bed 6 ft. 3 in. long, and 
furnished witli a pillow. When no longer required for use as a bed, it is readily lifted into its 
original position. Fig. 1975, and the compartment resumes its ordinary appearance. Each compart- 
ment is provided with a 10-iu. roof lamp, which is fitted with a hinged hood to obscure the lights 
during the hours of sleep. Ventilation is obtained by means of movable louvres and slides, placed 
both at the bottom and top of the carriage. The wo(xiwork of the seoond-dass compartment A is 
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palntal and gr&lned oak, the vpper portion?, above tlie beok-ieitB, being highly nniihed. Tha 
scats and bsck-resta are covered vrith rep,and stuQed with bonehair, the geoenJ arrangement boing 
in keeping witb the oampany's Becond-olass stock. 

A plan of a deeping carriage, Fig. 1978, designed by W. D. Mann, for lue on Engliah rail- 
ways, poeBedses mao; advantages over tbe Pnllman type of Bleeping car, espedall; ai regard* 
prirac;. This oairiage u 40 ft. in length, 9 ft. Id outside width, and weighs ^iotit 18 tons. 



and provides accommodation for twent}>-two f^rat-cUas passengers, besides a central compart- 
ment for lugKage, warming apparatus, and attendant porter. It is divided into six compart- 
ments, A, B, C, D, E. F. with oonnecting ourridore G, in whiuh are pliiced the lavatories L, and 
water-cloaots W. The oompartment A is 8 ft. in length, and is arranged as a family boudoir to 
accommodate six people, in two singlo and two double berths, with separate water-closet and 
lavatory. The compartments B and C are amuged to be takeu either ti^getber or separately ; in 




the latter case the compartment B resembles A, and C U a smaller ohamber, containing a 
tion fur two travellers ; these two oompartmenis having one nater-olosot and lavatory in common. 
The compartment B is 8 ft., and C 4 It. 6 in. in !tDj>th, D is the baggage compartment anil place 
for the attendant; it is 7 ft long, and contains tbe heating apparatus H, a coal bunk I with 
cupboards over, and a sleeping berth at D" for the attendant porter, this berth being placed S fk 
tl in. above tho Hoor. Tbe compartment E, whicb is T ft. in length, is specially adaptui for aientte- 
mcn travctiiug alone ; it has accommodation For di passengers, the s< ata being lowerfd at night to 
witbio a short dislaiiM} of tho Boor, to as to give greater space for tho two upper tiers o[ beds. 
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Lastly Ihero U a. Bmall bondoir F, 5 fl. long, for two puMWgera, with upper w»d lower linglo 
berthB : there is one wnter-cloBet mmmon to tl«« two oompartmenU. Through oommnnu^Uon w 
iHOTided for the ttttemiimt to eaeli eompartnient by the corridors Q, which are 2 ft. 6 in. wido, 
while mMQS are adopted to make each perfectly dUtinct from the other, the ooramunicating doora 
being opened only by a paa»-key in the poasenion of the attendant. TbU carnage w thoa adapted 
to meet the varied reqnirementa of perwo* trdveUing alone, or in hitgo ot BmaU partiea; wiule, 




from the ample accommoilatifln it afford?, at oomparod to weight of Tehicle, it leafea little to be dedred 
in thia respect. The fluors, aidce, and roofii are doable, the ipooes between the ndes and floor 
being paohod with uwduat or other euituble material to d«»deo aound, and to keep the carnage cool 
in summer and w>irm in wiDter, while the donble ooTi;ring t^ ttie roor serrea the aame end. With 
regard to tlie mmiiB of vcntihttion, double windows ore provided, the outer ones of which can be 
removed in tho aummcr, when &amca filled with fine wire gauze, which admits air while it 
eiclndea dnst, take their pluoe. Ample Tentilation ia also secured by the raised oentral port of the 
roof,, which occupies about one-third of the width, and is elevated about 16 or 18 in. above the toof 
itself ; tito aides of thii riiisod portion being Sited with swinging windows protected with gauze, ao 
that when they are opened a thorough oarrent of air is always maintained, 

A sleeping carriage of the East ludiaa Railway, Figs. 1979 to 1984, which is employed on 
the through service between Calcutta, Bombay, trad Lahore, in tho oonstmotioa poweaaea several 
novel features; Fig. 1973 la partly a side elevation and partly a longitudinal seation, Pig. 1981 
is a eroea aectioa, and Fig. 1980 a plan of the interior arrangements. This carriage was built, 
and all the itltingd made, at the Calcutta terminus of the East Indian Bailway, nodci the 
direotioD of B. W. Poarce ; ita weight, iocludiug 7 owt. of water in tanks, is 9 tons. 

The principal dimensions are; — 



Length of body outside 23 

„ „ iusido 22' ' 

„ ofouterroof ■■ .. .. 2t 
„ of oachsieepingcompprtmeat 6 1 

Width o( boily, outside 9 

„ „ inside 8 

Height from floor to underside of 
inner roof at ci 



Height from floor to undarside of 

upper bed 4 

Air space between ioDer and ontor 

roof 

Dislanco between wheel centres .. 14 

Diameter of wheels 3 

Total outside width tO 

height above level of rails .. 13 



Dimensjona of frame timbers, 12 in. by 4 

Tho whole of tho timber used in the construction of this carriage ia Houlmein teak. The out- 
side lower pancla are of iron ^^ in. thick, this being the only material really foond to stand tho 
climate. Theee panels are put on in rebates from tlte outside and well screwed all round to tho 
framing, a half-round moulding oovering the screw hcada ; this mode of Bocuring being very neat, 
and adding greatly to the strength of the framing. When using wood on tho East Indian Katlway, 
wide panels were found to buckle in the rains, and shrink out of the grooves in hot weather, and 
to split up if secured by screws ; by using very narrow panels, those defects were of course 
lessened to some extent, but never entirely removed. In adopting iron it was at first thought that 
this mnlorial would conduct or radiate heat to a greater eitent than timber, but after a series of 
experimonia this was found not to bu the ease, while by properly securing, in tho manner above 
descrihed, and not Iwving tho slieeU too large, the iron has been found to run witli just fls little 
aoiso as wood. Tho gloss fnuuos of doois and windows are all balanced, and to counteract any 
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tendency to rise or fall with the motion of the train, they are each fitted with two adjosting aoiews 
with milled heads ; the paBsengera can, therefore, secure the frame permanently at any derired 
height. To keep ont glare and heat as much aa possible, coloured plate glass, No. 9 B.W.G. in 
thickness, has been adopted ia lieu of plain plate, the colour chosen being a bluish green, this 
having been found from the average of a series of 40 registrations to be the best ; toe coloure 
experimented with, and the average temperatures for the 40 registrations, being; — ^Bluish 
green 106** F., violet 111° red 112° yellow 114°, and white 118°. The water tanks T placed 
between the inner and outer roofs RB', contain 40 gallons each, or 80 gallons in all, and are 

1983. 




connected by suitable piping to the wash-basins W and commodes C. The outer roof B' is on 
the most improved plan, affording the best protection from the direct rays of the sun, and is con- 
nected with the side sunshades and extended down to a height of 1 ft. 7 in. from the window rails, 
thus becoming one huge saddle-back enveloping the roof and sides of carriage, with a clear aii 
space of 7 in. between the two. The end openings of the sunshade Q are filled in with wire gauze, 
114 meahes to the square inch, as a protection from sparks, coal, or dust, from the engine. The 
space between the sunshade Q and side of carriage P is further rendered a complete air tunnel by 
the following means ; pieces of painted canvas, or leather, are stretched over the side door openings 
D, and are secured to a bracket on the shutting pillar on the one side, and to the sunshade on the 
other or hinge side of the door, the canvas thus folding up and allowing the door to open and shut 
freely. The outside painting is white, with a bluish tint picked out brown. The sunshades are 
- green, and the inside varnished teak ; the roof neutral tint, the fioor drab, and the cushions green 
morocco. 

The carriage is divided into two compartments, with separate retiring room to each ; these 
retiring rooms being at each end of the carriage and partly over the buffers, thus utilizing those 

1984. 




portions of the carriage which are subject to the greatest amount of lateral oscillation, and reserving 
for passengers the central port, which is least liable to motion. These compartments can be 
rendered quite separate by closing the sliding door in the centre, which can be fastened on either 
side, or when desired the whole can be thrown open as one grand saloon. This carriage accom- 
modates only eight sleeping passengers, four to each compartment, and this is found to be as many 
as can conveniently travel together in the hot climate of India. The seats S are longitudinal, and 
are arranged to slide on rollers and legs with castors, to enable the passengers to ride with their faces, 
backs, or sides to the engine, as may be wished, or to form a convenient longitudinal couch as at B. 
The upper sleeping berths B' were designed by Richard Pearco, assistant carriage superintendent 
of the East Indian Railway, and are shown to an enlarged scale in Figs. 1982 to 1984 ; Fig. 1982 
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being an end eleration, Fig. 1983 & aide eleTstion, ftnd Fig. I9S4 a part plan of bod and port plui 
of framing, one end of the latter being in sHotion in order to show tbo method of joining. Thefnune 
F ia made of l^io. gas-piping, and folds np knapaack bahioo, and entiielj out of tno waj wheo 
not required for deeping or oigbt use, as shown by the dotted lioes in Fig. 1982, in which poeitioa 
it is BGCuied hj the etnp T. Tbe gas-piping forms an eiooedlngly neat frame, about half the 
weight of ordinary wood onea. and poeaeasing great rtrengtli. The frame is jointed into two halves 
■ongitudioally by knuckle or rule joints J ; the cushion is in halves also, and ia supportad on 
oanvas stretobed tight across the iroo frame, thus forming a perfectly easy and eUsUe bed, soms- 
what resembling a ship's hammock. The bed. when lowered into position, rests no a brass stop 
plate N, and is sapported by the chains M, these latter being covered with leelber. To prevent 
the lorer L, or side of bed, from tnming over the wrong way, a oatch K is provided in tbe Kid 



A Mloon and sleeping earri^e of tbe Kaiseiin Elizabeth Bailway, oonstmetcd at the Bnbna 



Length of body outside 24 If Total width over aU 10 

Width „ „ 8 6{ „ height above level of rails .. 12 9 

Height „ at sides 6 7 Width inside 8 0| 

atcentro 7 5t Length „ ofaaloon 10 2 

„ „ of sleeping compartment 6 6' 

Total length inude 23 S| 

The fhime is of composite construction, the soles being of I iron,9A deep, and placed G ft. 7)|in. 
apart Froni centre to centre, while the rent of the frame ia of wood. The wheels are of solid wrought 
iron, and the beariug springs are long. The draw-bar is conlinaous, and is provided with an india- 
rubber draw-epriug, the butfur sprioga bring also of indiambbcr. In the front of the doors there ara 
provided footsteps K, wbicli may be raised or lowered, these steps being necessary to afford easy aoeess 
to the carriage, as the stations on tbe Austrian railways are without platforms. lietwcen the body 
and the uiiderframe Ihero are interposed twelve indiambbcr cushion sprtnga I, which are carried 
by oast-iroQ bruokcta bulled to the eolea, while eud or transverse motion of the body on the frame is 
cherkod by means of radius bare B, The Hoot of the body ia strongly framed, and is composed of 
two layers of plunking laid vith crossed joinle, and glued together, whilst above this plunking Is 
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Sxed the parquetry work whieb tome the floor proper. Hie roof ot tbo carriage ia made double, 
the roof-sticki being arranged between the inner andoater planking. The ventilation of tbeawriaee 
1b Becnrcd b; proTiding each compartment wilh ventilatora oonunuoicating mtb olr-oollectingoovu 
0, on the roof 

The general arrangement of this carriage is as followa ; — A door D, on each side of the earri^ 
givDB (uKues to a central transverse paaaage or lobby P, having a cleat width of 2 ft 11) in. On 
one Bide of tliia passage a door opens into the saloon 8, vrhile on the other side are the lavatory Ii 
and walerndoBet W ; a short longitudinal passages 2 ft. 3 in. wide in the clear, being led off between 
tlie two last-meiitioned ooroportments, and giving acoesa to the aleeping compartment B. The 



saloon S is richly trimmed with a light drab silk rep, the mt. 

mouldings being white and gold. The flttingt coosist of a 
couch, extending across one end, a conple of chairs, a couple of 
round stools, snd a table which unfolds and forms a mirror ; 
talnots being also placed on the door and on the walls. The 
Soot of the saloon is covered by a carpet, and the compartment 
is lighted b; two large roof lamps O. The oommunlcating 
passages F, togotlier with the wstorH^losct W, and lavatory I^ 
are panelled with parquetry work, with mahogany and gilt 
oomices ; aud the Qoors, ss also that of the sleeping compart- 
ment A, are csrpeted. The lavatory and water-closet doors 
are made in two leaves to save toom, tliese leaves being con- 
nected so that they open and close sinultaneouBly. Beneath 
the waah-haud basin in the lavatcny is fixed en ice safe for the 
storage of proviaions. Tho aleeping comportincnt B contains 
two sleeping coucties. arranged against the sidea of the carriage, 
there beiog a passage a little over 3 ft, Iwtwecn them. This 
compartment ia trimmed with dark green silk rep. 

In Figa. lOST to lt)8U is shown a sleeping carriage con- 
structed at tlie railway carriage and waggon works, Simmering, ' 
near Vieuna : Fig. 1987 is partly a aide elevation and partly a 
longitudinal section. Fig. 19S9 is a cross section, and Fig. 19S8 
a plan. The Qnderf>amo of this carriage is of a oomposite con- 
struction, similar to the saloon carriage illuatraled in Figs. 1966 and 1967. The body is carried 
on indiambber coabion springs B, its outside dimensions being as follows; — length 25 ft. 11 in., 
width 8 ft. 6) in., height 8 ft. 8j in., wheel base 13 ft. Sj in., and the wcightof caniago llj tona. 
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comportnient, these lamps bein^ fitted witb vontil&ting arningctnentg, nod also provided witQ 
Bhades as nboira at L' for obecnriQE tbe liglit at niffhL Tbo liciDg of the carriage u of nulu^Qy, 
inlaid with rosewood and maple, &e floor being of wbII executed parquetry work. Tlia colour of 
the trimming ie a warra drab, tbo seata being covered with silk rep, and the oartalng being otgrot 
dt NapUt. The warming la eOebted b; tbe Iwated air being admitted to the eeveial compart men tB 
through tbo gratings G fixed in the floor. 

Tbe carriage ia divide into three ootnpiuiments A A' and B; A A' being intended for 
gentlemeo, and B for ]adie«; a lobby D, to which eccesa ia gained by aide doora d, and • 
laTatorf 0, and water-cloael W ; oommanieation being obtained between the aereial cnmpattmenta 
by means of tbe doors iT. Euch of tbe ootnpartmentB A A' B eontaina on each aide two seals S, 
vith a tabic T between them ; this table being movable and the aeata capable of being drawn out 
BO as to meet and form a bed as shown at S', Fig, 19ST, tlie upper parts of the baeka of the seats 
being removable so as to be used as pillows. Above each pair of seats is a seoond bed E, which, 
when out of lue, occupies the position shown at £', Figa. 1987 and 1989, its undeilraine then 
forming part of tlie ceiling. When required for use each of these upper beds is drawn down into 
tbe position shown at £, where it is supported on suitable fixed ledgee. In this position it ia 
4 ft. 8 in. above the floor, or snfBoiently high to clear tbe heads of people utting on the seats 
beneath it Each upper bed E E' is provided at each end of its frame with a couple of small brass 
pulleys P, over which, and over pulleys P' fixed to the partitions, there passes a snspendinK eord 
lomied of covered cupper wire, this oori! being capable of sustaining a load of 6owt The pullej P' 
fixed next tbe side of the oartiage is, it will be seen, larger than tlie others, and it is doi^le, the two 
ends of ttie cord paseing over it. and being attached to a counterbalance weight runmtig in a 
suitable casing in the Bide of the carriage; this weight being sncb that the bed is perfectly 
balanoed in each poaition, and it can thus bo raised or bwered with great ease, and when closed up 
it is secured by a look and key. Above each of the upper bedg, when raised, there it a space whicb 
provides stowage room fbr the mattreas of tbe lower bed. Cnrtatu* ore provided foi •nutting off 
the beds from the central passage, and there are aJso small ladders or portable atepa for giving 
oonvenient bccess to the upper beds. 



In ^ip- 1990 to 1992 is shown a oompoeito saloon and sleeping carriage constructed by the 
Railway Rolling Stock Constraolioo Company, Breslau; Fig. 1990 is partly a side elevation and 
portlv a longitudinal section, Fig. 1992 is a cross section, and Fig. 1991 a plan. 

Toe principal dimensions of this carriage ore as follows ;— 

LeDgthofbOdy M 10 Total width over all .. ,, 10 o' 

„ frame .. .. SO 6 Height from level of rails to 

overbufi'ers .. .. 34 1( oentre line of buffers .... S S 

Width of body outside .. 8 6f Distance between wheel centres 16 41 

„ „ inside.. .. 7 llf Length of bearing springs ., 6 9 
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theeoiTiage; thejaie ulikced directly orei the soles, upon which the; bear, and their ends are 
eonpled by links to ajigle irons, of which a pair oitend longitudinally under uie body on each side 
for its whole length. End motion of the body on the undeilnune is pKvaoted b; means of radius 
links L, situated at the four comers, and pulling against indiarubber pads, while too great 
freedom vertically is prevented by leather straps I, attaohed to the comers of the body, and 
oonneoted to pins pulling against very thiok indiarobbcr rings, 
which have a bearing against brackets filed to the naderfiame. iMi. 

Tlie diaw-bar is coQiinuous : the boffer nod draw-springs being 
volutes, and the buffers having wiouglit-iron skeleton oasings. 
The panels of the carriage are of iron. Besides the longitudinal 
angle irons already mentioned as supporting the auxiliary springs 
S, the body &ame is further stiffened by bottom croBS ban of 
"J" iron fllltMl in with wood, alternating with cross bars of wood 
only. The roof and floor are double, for balancing the window 
■asliea of the doors, an arraugemunt of counterweights ia provided, 
the cDunterwoichts being oonnected to a bar, on which the cash 
rests wbeo partmlly opeo or when lowetod, this bar aerrjug also, 
when in its highest position, to close the well in which the sash 
runs. The standing pillars are funisbed with the flnger guards 
very generally used on Qerman railways, these guards each, con- 
sisting of a strip of stiff leather, fixed so as to overlap the joints. 
The doors also have strips of iodiarnbbei let into dovetail grooves 

In their framing, these strips cloeiog against similar strips let into the body framing. A veDtUate 
is provided over ee^h fixed side light, and the lavatories have ventilating oowls V, in the roof. 

The carriage is divided into two double compartments A B, having between thorn acantral 
space, which is divided by a diagonal partition so as to form two unequal-sized lavatories L, each 
omtaining a vatei-oIoeeL The lid of each water-closet isconnectedby alink with the flap wbieli 



covers the month of the discharge pipe, so that when the lid is opened the flap is closed and the 
reverse. The flrst-olass compartment A provides accommodation for nine pesaengers ; it is trimmed 
with green Utrecht velvet, and the seats are so arranged as to form, oomfortable conches, as at 0, 
Fig. 19M. Of apair of opposite seats ODO merely draws out to an extent limited by ft hook H, at the 
bade, while the other when similarly drawn out tilts slightly, and draws dowa after It a porticm of 
(ba back squab whioh ia fixed to a Dnme hinged to the frame of the seat; a hook B, fixed to th» 
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rartitioD liuiita the doscent of tlio squab, while a link 
K ooDtrols tbe drawiog out ouil tiltiug of tlie seat. 
The scoand-cliua comportmont B accommodateB 
thirteen poBKngera, it is trimmed with dmb cloth, 
and the acata simply draw ont, aa ehowa by the dotted 
linea at 0', F^. ISiJO. The carriago ia nonaed by 
briqaetted plac^ lii suitable iron casings H ammged 
under the seuta; the doors for iosertitig ttms bri- 
quettce being shawD at D. 

The weight of this oarringe, when empty, is 11 tons 
10 owL, or a dead weight of about 11^ cwt. a pas- 

A second type of oontinontal composite carriage, 
constrnotcd fortlienorthem line* of tlio Austrian Btale 
Bftilwaya by F. Biiighoffer, of Smiobow, near Prague, 
is Bhowu in Fig. 19^3 iu aide elevation, and in section 
tlitongh the oonpj, eod in Fig. 1994 in plan. TbU 
carriage is monuted on a composite frame, the soles 
being of I iron, and the reet of the fVame of wood. 
The outside panels also are of iron ; and the roof of 
the carriage double. 

The principal dimenaions are as follows ; — 

ft. fD. 

Length of body ootBide, ez- 
olosiTO of projeoliou of ooupe 24 4} 

Length of frame 24 7 

Width of body ontside .. .. 7 74 

„ overall 9 4' 

Height inside at eontre .. ■■ 6 S( 
Length inside of ooup^ . . . . 3 8{ 
„ „ of flrat - olaas 

oompartment 7 

Length iuaido of each second- 

cloog oompartment Of 

Distance apart of soles he- 

tween centres 6 4 

Length of bearing sptiogs 
between centres of eyes . . . . 6 2l 4 

Wheel base .. .. , 14 6| S 

Height from level of rails to 
centre line of buffers ., .. 8 51 
The weight of the oaniage empty is S tons IS dwI.< 
or a dead weight of 7 cwt. a pasBenger. 

Tlie body is divided into fonr oimpartmenta, two 
flrat-clBsa A, and two seoond-clsss B ; one of the first- 
class compartments A' being a conp^, acoommodBting 
three jiassen^ra, and is fitted with seats aSbrdiog 
sleeping accommodation, as shown at C. The end S 
the carriage at which the ooup6 is situated, instead of 
being made flat as nsual, projects outwards, below the 
windows, to the extent of 9) in., a recess R being thus 
formed into which the lower parts of the beds, or 
extenwon of the ordinary seats, can be folded ; the 
recess also acoommodatiog coehions or pillows for the 
head. In the plan. Fig. 1994, two of the extensions of 
tbe seats ore shown folded up, whilst the other G is in 
the horiiontal position. The flrst-dnss compartment 
A is fitted up in the ordinary way, and accommodates 
six passengers; the second-class compartments B, 
carry eight passengers ecush; the total number of pos- 
■engers carried by Uie vehicle being twtnty-Sve. The 
first-class compartments are trimmed with crimson 
Utrecht velvet; the mouldings, being of walnut and 
maple ; and the arms of the »eats ore made to fold 
np ont of the way when ilesired. The second-class 
compartments have the roofs and interior above the 
cushions lined with oilcloth, and the cushions covered 
with leather. 

rallmaa Can. — The first of these cars, was eon- 
structed by Pnllman in 1859, and was run on the 
Chicago and Alton BaUnay, between the former place 
and St. Louis, a distance of about 280 miles. The cars 
employed upon Ibe English railways difler somewbat 
from those on the American lines, being oorried on 
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font-wbeeled bogie traokB, wbile the prulioe in the United States is to employ Biz-wheeled 
trncht. the cus bo mounted being atkted to ride more euily and •mootbly than tbose on the roar- 
wheeled tmclm. 

FigB. 1995 to 2011 relate to these can. Fif. 1996 is paitl; a aide elevation, parti; a longi- 
tndinal section, and partly an elevation of the bod; framing of tiie dianing-rooot oar; Fig. 1999 is a 



halfcrossBL-ctionaudhalfendelevation: BiulFig. 1997 a plnn of the aeme o«r. Tlie sleeping oar is 
shown parti; in side elevation, parti; in longilndiOBl section, and parti; an elevation of tho fnming 
in Fig. 1998; in DroesseetioD in Fig.2000: aad iu plan in Pig. 1995, theendelevalioDbeingsinflar 
to that of the drawing-room car, shown in Fig, 1999. 
The principal dimensioneof these cars are;— 

Length over end platfonns 58 

Width 9 

Height above level of rails 12 II 

Lengthofbod; 51 6 

Width „ outside 8 9 

„ n inside 8 2 

Height „ outside, at sides 6 lOj 

„ „ inside, at centre 8 6} 

Wheel base of eaohbc^e 6 6 

Distance apart of centres of bogies 39 

Total wheel bas« 45 S 

Length of bogie truck II 

Width „ 6 lOJ 

Diameter of wlierU S 6 

Length of Biles 7 8 

Diameter „ at centre 4} 

„ „ nt back of wheel S^ 

„ „ at wheel seat 5 

„ journals 3} 

I.engthof „ 8 

Distance between centres of journals 6 6 

Radios from bolster pin to centres of rubbing pieces J ., 2 6} 

Principal timbers of bogie frame 4 in. b; 7 in. 

Longitudinals F and N 3 „ 10^ „ 

Car Framitm ;— 

Total length of framing 57 

Length of Ooming of bod; 52 U 

Widthot „ 8 7 

Soles 5 in. b; 7 in. 

Longitudinals 4 „ 5\ „ 

Cross timbers f 4} „ 7 „ 

„ „ ( 2 „ 5i „ 

The construction of the bod; framing of these care will be readil; understood from the eleva- 
tions. Figs. 1996 and 1998, and the plana and sections. Pigs. 2001 to 2004, and inm the following 
description. Fig. 2001 is a half plan of the nnder side of tlie bottom framing ; Pig. 2002 a longi- 
tudiiiiJ section of the wme : Fig. 2003 a etota section on the line a b ; and Fig. 2004 a simiut 
secUon on the line c d. 

The floor framing oonsista of four longitudinal timbers, besides the sole-bars, these longi- 
tudinals and the sole-bars being connected at short intervals b; transversa timbers (, and reaistance 
to oblique strains being pven b; a donble flooring, the plankiog of which ia laid diagonallj' Tb* 
•ole-bars are etrength^ed b; trtua-rods T, and at four poiota Mtween the bogie centres there are 
also tranavetse b^irers f, which are stiffened b; doublo tnise-rods. The sole-bars between the 

3 T 
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bogie oentrca are stretigtbeaed not oul; by the tnisB-roda T, bat also b; diagonal timbers and 
itrainiDK beams, which form a nejlar Ihub benestli the windowa. Beside Uiia, « Ue-rod or 
oonater-biace C eiteuda aloag eaoh side uoder the windows, tliis tie-tod bearing upon cast-irdn 
Btmtj fixed on the sole-bara in & line with tlie bogie oentreo, and tben eitenrjing obliquely down 
throogh the solea so a* to eive support to the ends of the car, and keep nil parts of the truMed 
framing well ap to their work. It will thas be seen that the flour, oombined with the trussed sole. 
bare and the bodj framing beneath the windows, really coniititute a. Iiind of girder of i-H section, 
Had form a slmctare possessing great power* of roaistance toeitlier cotoprewive or transrerve Btrains. 
The upper part of the body framing oonsists of vertical piiluB of apparently light section, a number 



(d' these pillnis being, however, strengthened by wrongbt-iion rods t extending through Iheio from 
top to bottom, ■« shown by dotted lines in Fig. 1998. An appearance of greftt ligbtuees Is tlioa 
obtained without a sacrifice of strength. The oentml portion of the roof of each car, as slmwn in 
Figs. 1909 and 2000, is considerably liigber tlian the rest, and to avoid the nocesaitj of canning loof- 
stichs aorou this raiaeil port, f iron is largely used in the mof fcsmlng, the T iron roof-nticka 
following tlie contour uf the roof. 

The cars arc fitted with central buffers and couplings, the end plalFanns and the couplings 
being arranged ou Miller's system, wbioh is in extended use in the United Slates. In this arranire- 
ment the c mpiessive strains are received b]r central buffers B, Fig. 20DS, placed above the ooiipliiig 
hook B, tboae buffers transmitting the strain direct to tlie framing. The coupling hooks H are 

1010. 



formed on the ends of ban of orucifbrm section, and are connected to draw-springs fixed to the two 
central longitudinal timbers of the floor framing, the connection being such that the outer end of 
the hooh is free to move horizontally to a small extent, although its tendency is to remnio in 
a central position. The ends of the hooks H are so formed that when two cars ore brought 
together the hooks at first posh each otlier aside, until the cars having come snfBciently close the 
hooks engagu each other, the opemtion of ooupUng thus being automatic. When the cars are 
coupled the butlers B are somewhat compressed, so tnat there is uo slack. To uncouple the oars 
one of the hooks H is drawn aside by the hand lever L, Fig. 1999, which is connected to the hook- 
bar by a chain, while by pulling tbe lever L over into a notch, tbe books can, if desired, 
be kept Irom engaging with each other when the curs are brouichi together. In the cose of thnse 
can, however, it has also been necesBsry to provide for their being in some instances ooupled np 
with slock having the ordinary side buQers, and for this purpose tbe arrangement in Figs. 2005 
to 200B has been designed. Fig. 2005 being a plan of the underside of end of bottom framing. 
Fig. '20O6 a. side elevation, Fig. 2007 an efid elevation, and Fig. 2008 a lontfitudlnal section of the 
same. Ou reference to these drawings it will be seen that the side buffers Pand central draw-hook 
K' can at any time be very readily lemoved, the latter being replaced by tlie buOer B, while the 
hook H can be connected to the spring 8, spcoiiilly provided for it. The alteration of the ear from 
the side to the central buffing system, or the roverae, being thus on operation requiring only a few 
minutes Cor its performance. 

3x2 
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FigB. 2009 to 2011 are detail views of the oonBtroction of the tnickB or bogies on whioh these 
oars are mounted. Fig. 2009 is a half longitudinal section and half side elevation ; Fig« 2010 a 
half end elevation and half cross section; and Fig. 2011 a plan. These tracks are four-wheelecU 
and are fitted with wooden disc wheehi 8 ft 6 in. in diam. The bolster body is connected to the 
tmck by a central pin P, and takes its bearing partly on the plates surrounding this pin and 
partly on the side rubbing pieces J. The weight of the body U tlius transferred to the beam D, 
oetween which and the swing beam M, are interposed the bearing springs L* there being three 
of tiiese springs on each side. The beams D and M, together with tiie springs L are free to swing 
laterally, the beam M taking its bearing on the pins which connect the lower ends of the links 
T on each side. By the links T the swing beam M is suspended from the side frames £, and 
these, in their turn, bear upon spiral spriogs B, which are interposed between their under sides and 
the upper sides of the bent bars B, t)ie ends of these latter resting upon the axle boxes ; the load 
being thus transmitted to the axles through two series of springs. 



2011. 




The interior of this oar, Figs. 1996, 1999, is divided into a main saloon A, SO ft long ; two 
private compartments B, each 6 ft. lon^ ; and some smaller compartments forming lavatories. 
Commencing at the end P, Fig. 1997, it will be seen that access to the interior of the car is afTorded 
by a central door opening into a short passage provided with another door at its inner end. On 
one side of this passage is the gentlemen's lavatory L, and on the other side that for ladies L'. 
From this passage access is gained to the main saloon A, which contains seventeen chairs. The 
chairs are of a very comfortable shape, and are each mounted on a oentral standard so that thoy 
can be turned almost completely round, their motion being only limited in the direction of the 
central passage, which it is deedred to keep clear ; while by drawing a bolt each chair is left free 
to be canted backwards into the position G, Fig. 1996. From the end of the main saloon a passage 
D leads along one side of the car, past the two private cpmpartments B, doors opening from this 
passage giving access to these compartments, each of which contains a seat or sofa, and two chairs 
similf^ to those in the main saloon. Beyond these private compartments is a kind of lobby F, 
having on one side a small compartment H, containing the heating apparatus, and on the other a 
store closet S ; a door from this lobby opening on to the end platform P . In the internal fittings 
of these cars no expense has been spared to add to the comfort of the passengers. The seats, which 
are very comfortable, are upholstered with Utrecht velvet, the floor is well carpeted, and the 
interior is well lighted by handsome lamps E, arranged as in Fig. 1996. The lining panels 
are of American walnut relieved by gilt chamfers, which contrast weU with Uie colour of the wood. 
The windows are large and well fitted, and are provided with blinds made of a peculiar material 
finished off with stamped leather. These blinds are mounted on rollers fitted with a very neat little 
contrivance for holding them in any position, and which, unlike sucli contrivances in general, does 
not seem likely to get out of order. It consists simply of an elliptical cam fixed to the roller, and 
pressed upon by a spring, the result being that at two points in each revolution the roller tends 
to stick ; the material of the blinds being sufiiciently rigid to impart motion to the ndler, and to 
move it past the sticking points when the blind is pushed up. With the exception of the lampa» 
and the hat-rail brackets, which are bronzed, the metal work within the car, such as the door 
handles, and the like, is almost all nickel plated. The water for the lavatories is contained in tanks 
beneath the basins, a small pump beside each basin raising the watm as required ; this arrangement 
being adopted to avoid the employment of roof tanks, whioh are difficult to fill. Each lavato^ 
also contains a special cistern conteining a supply of drinking water. 



EOLLING STOCK. 



1013 



The internal arrangements of the sleeping car, Figs. 1995, 1998, are as follows. Entering 
fVom the platform P we pass through a passage L, 5 ft. long, having on one side a gentleman's 
lavatory G ; and a water-closet W, and linen closet C, on the other. At the inner end of the 
passage is a door opening into the main compartment A, which is 25 ft. 9 in. long inside and is 
traversed by a central aisle from end to end. On each side of this aisle there are, during the day, 
four pairs of scats 8, with a table T between the seats of each pair. For night service the tables T 
are removed, and each pair of opposite seats S converted into a bed B ; while a second bed B' is 
formed above them. To form the bed B, the seats 8 are drawn out, and the backs then fall down 
and fill up the spaces left by the witlidrawal of the seats. A mattress is then placed over the 
seats, and in this way a very comfortable bed is obtained. The arrangement of the upper tier of 
beds is shown in Fig. 1998, and in the cross section. Fig. 2000. During the day the shelves oou' 
taining these beds are folded up obliquely against the roof of the Car, as shown at D ; whilst when 
required for use they are drawn down as shown at B'. The beds B'are balanced by connecting the 
shelves by a chain to a coiled spring Y, the spring being coiled up as the bed is pulled down, and 
the reverse ; and can thus be pulled down or pushed up very easily. When down tney are at such a 
height above the floor that passengers can, if they desire it, still occupy the seats beneath them. 
The seats 8 are each of sufficient length to accommodate two passengers, and the beds are nomi- 
nally double beds ; they are, however, rarely occupied by more than one passenger each. Tlje 
mattress and bed linen for the lower bed B is, during the day time, stowed away upon the upper 
one B', while a box below the seat receives the pillows, as at P, Fig. 2000. At the end of 
the main compartment A is a second linen doset C ; while beyond are two private compartments 
L, which are entered from a passage which runs along one side of the car ; and between these com- 
partments is a third linen closet 0". Each of the private compartments L contains a couch, which 
can be drawn forward at night so as to form a comfortable double bed ; there is also an upper berth, 
and two seats which are also convertible into a bed. Beyond the private compartments is a lobby E, 
liaving on one side a ladies' lavatory and dressing-room R, and on the other a small compartment 
containing the heating apparatus H ; a door opening from this lobby giving access to the end plat- 
form P'. The seats, as in the drawing-room car, are upholstered with Utrecht velvet ; all the 
internal woodwork being of American walnut, relieved by gilt chamfers. 

The warming of these cars is effected by hot- water pipes led off from warming apparatus 
contained in the compartment H already mentioned. This apparatus consists of a small heating 
furnace or stove containing a coil of piping ; the water heated in this coil passing up to a tank on 
the roof, and from thence being led off through the pipes which pass along the sides of the 
carriages below the windows ; a return pipe bringing it back, when cool, to the heating coil. The 
water thus circulates constantly, while the small tank on the roof serves to contain a reserve supply 
which will make up any slight losses due to evaporation or leakage. 

The ventilation is provided for by the windows, by openings at the sides of the raised portion of 
the roof, and by air inlets in the under sides of the hoods which protect the end platforms. These 
air inlets, as well as the other roof openings, being protected by fine wire gauze, so as to avoid 
severe draughts, and prevent the entrance of dust and cinders. 

Each of these cars is fitted with the Westinghouse air brake ; the brake blocks, which are of cast 
iron, being applied to all the wheels. 




Post Office Vans.— la Figs. 2012 to 2021 are shown the Post Office vans constructed for the 
Austrian Mail Service, by the Railway Carriage and Waggon Company, Simmering, near Vienna. 
These consist of a travelling Post Office, Figs. 2012 to 2016, fitted with complete accommodation 
for sorting^ letters, and a tender, Figs. 2017 to 2021, constructed to carry the mails in bulk, and 
parcels. These two vehicles communicate by end doors D', and an intermediate platform ivhich is 
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pruteot«d rrcan the veathar by » flexible pwMge or oaaiiw of waterproof oanTao. The; are dose 
coupled, being always ialended la be ma together ; and the tender ia fitted with a brska worked 
(rom B oorered guard's aest B, provided at oue end. Tbe rr&mea of these vaiu are of the composite 
typ^ with wrougbt-iroD aotca and the rest of tiai1>er ; and the wheels are of wiot(gbt iron. Both 
the Tana are of the same dimeniiiona; nalaely, 21 R. 9) iu. lunp; by S ft. 9] in. wide onbiide, aad 
6 n. 10 in. hieb inmde, at the centre, and are each carried on four wJieels, with a wheel base of 
11 ft. 1} in. The weight of the sorting carriage is 9 tons and of the tender Si tons. 



The Bortiog v*D, Figs, 2012 to 2016, has do side dooHi and <«& be entered only by the end door 
D', oommDnicAtiiig with the other van. The body ia divided by a tntnsTerae putition iuto two 
nnequal oompartmeDts, the larger one A ooostitDtlDg tbe travelling post ofBce, while tile smaller 
B, wliicb adjoins tbe end door, ooutaiim on one aide a stove S, and on the other a lavatory and 
watci-doMt C. To ahnt off the Utter &om the panage, Uie end door (^ the vehicle is turned bock 



at right angles to the positiun it oooupiea in the plan, Fig. 2016, and ia secured b; a bolt. Tho 
larger compartment of the van A ia admirably fitted up, all the furniture and flttiogs being of 
poluhed oak, and of excellent workmaoship. Along the sides and acrosB one end eitend tables 
ooieted with leather, above which are arranged rows of boxes or pigeon-holes P, for the reception 
of the sorted tetters, the interiors of these boles being covered with green cloth ; while underneath 
e:ich TOW, brass frames are fixed for receiving tbe names of the various towns to which the boiea 
correspond. Two rows of these pigeon-holes are intended for letters containing mooej or valuables. 



1016 



ROtLING STOCK. 



And eM fltted with Iccka and keja. Benrnth the tables are dnven and boiei, alio flttad with 
loi^ aiti keja, and Intended for the reception of paroela, whilst tieneath the fVante of the carriage, 
at the centre of its length, ii Sied a locker L, with side doora. in which othw parcel* can be 
atowed. The offioe filniitili« aUo inrludes three taminff etoola E, a ohair O, nackthr«ad-ba«kctB 
and knire!, hat and coat hooks, Inggage carriers, whilst the lighting li effected by two roof 
Inmpi R, three movable wall lamps H, provided with pipes T, for l^ing ofT the prodn^ of oom- 
bostion, fbar branches I, cmrying oandlea, and three hand candle-lampa. The warmilig is emoted 
by a store 8, arranged aa shown, there being in connection with the obimnoj' of this stove a con- 
trivanoe for ventil<£on on Meissnpi's system. The ceiling of the oarriage is covered with oilcloth, 
and the floor is of parquetry oovered with a carpet of leather. 
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diBpoeed and fitted as to admit the ooQrenient stowM^e oF the ineet or otber artioles to be named, 
and moRt be »iioh tliat it may be eaeil; kept in a slste oC perfeat eleoDliaeea: the door« beiug to 
arranged tbat while aOiirding perfect facilit; for entering too vaf^on and loading and nnlosding, 
thej otu be hermetioally cleeed, absolutely exotnding the pasaa^ of air. 

One of the beet of these railway provisioa waCRnns, or t«rri|::eTator mt«, u they are ofien 
termed, is that of W. D' Alton Uann, of Mobile, Alabama, U.S . Figs. 9022 to 2024 ; Fig. 2022 
ia a longitudinal lectioii of the wnggon, Fig. 2023 is a crow section, and Fig. 2021 a plan puitly 
in lection. The walla, roof, and Soor of thia vaggon are doable; the outer casing A being 
furmeil of planks or boeida, and the inner oaiing B of aheeU of tino or other melal not subject 




io oiidalioD; Ibe floor has also planking under the rinc To m _ 

»i,o ( — f... .V — ;. -Wed a sheathing G of pressed paper board, or similar materiaT, aod 



— ..^6 ..^v. ™„ ....^ .» ^^<. ^ other of these oasinga 

tlie Inner surface, there u added a sheathing G of pressed paper boaid, or similar material, ™ 
the space between the two walls ABU flUed with sawdust, charooiJ, or other slow heatcondocling 
toaterial. For the introduction of fresh air into the wnggon with the neoeseary fon» when the 
-waggon IB m motion, one or more pipes D are provided, each terminating in a donble funnel D* 
at the top of the w^gon, and in the throot of these donble funnels is placed a tbItb V ; the 
moTament of the waggon in either direction eaueing the entrance of airty one month of these 
funnels, and the valve V automatically closing the throat of the other funnel. The air in entering 
the fnnneU D' encounters flrat a sheet of wire game Z, which intoroepts the lar^r pw^cles of dirt, 
'^nV? '■''*' """ *'' """^ partially cleansed then deseenda the tnbes D, and is further 

purified by the precipitation of other particlee of duat into the copa E at the bottom of the tube* D 
the dust cups, for facility of emptjing, being attached to the tabes D by bayonet fcateninga. 
ihe air then passes by the branch tubceF'into the large boi G, which is snapended from the 
WBgmn freme, and is filled with damp willow shavings, hay, grass, or other snitable material ; and 
in order that these willow shavings, or other material, may not setlla into a dense mass, a nnmber 
of bomontul wires or thin spikes G' ace attached to the back of the boi G, projecting nearly to the 
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front, sod with the Bbavinga, or other nuLterinl. dUlribated uoong thein ; the hotxt of the bos O 

hoB a door H, biiiced near tlie bottom, which is water-tight ; therefore a cert^n quantity of natei 

ia relnined id the bottom uf the box, the Buiplue qu&Dttty dripping out at thia door ; aad the air 

paseiog throagh this tuau of damp sbnTings, or the like, ia freed from the dmt and cinders that 

tna; not have been previoDal; removed from iL The air then asoonda, and paaaw through the 

Ttrticai taljea I, and tbroDsh the horizontal portions I' of the same, through ati ioe task or reaerioii 

J, placed at the lop of and entirelj witliin the waggon ; ggj^ 

tlio Buid tubes I OFing so bent and arranged that they 

pass and n^tnrn through the entire length of the ioe 

reservoir, coDstantl; ascending, or inalined upward, in 

order tliat the water condensed from the air pasaing over 

the inner surfaces of the pipi'B reeling in tjje ice, may 

drip back into the box G. Th[a arrangement is mort 

important for enBUring a dry condition of the air entering 

the waggon, which o<judition is essential for the proper 

prcservution of meat and similarly periahahle articles. 

The Eiir is thence discharged at different poinls into the 

compartment K, which is loosely filled witli blocks of 

charcoal, or other material that will rapidly absorb 

moisture. From this compartment K the air escapes at 

tho top on either side the openings L, and passes over, 

and ia then disseminated tlimiigliout tho waggon in a 

SuriSed, oooUd, and dried condition. The ice reservoir 
is formed of galvanized iron or other non-Dnrroding 
metal, and may advantageously be corrugated; it is 
placed wholly within tho body of the waggon, and thus 
presents the area of its entire surface to tho air in tha 
waggon, and therefore acta most eSlciently to cool the 
same. At the bottom of the reservoir J is provided a 
gntlet H, into which any moisture on the outside of the 
ice reservoir will drip, such drippings being conveyed 

therefrom thjough a pipe, into a reorptacle provided for it at the bottom of the waggon. The water 
reaultirg from the gradual melting of the ice in the reservoir J is coQdiictcd by a small tube O into 
the loz Q, where by means of a {lerforated tube P it Is so distributed as to moistan and cool tlie 
entire moss of material in the box. The air forced into the waggon throagh the funnels D', as 
above described, is exhausted at the opposite end of the waggon hy means of the vertical tabes Q. 
These tubes ore placed outside the waggon, with their lower end extending and opening into the 
same, and they are each provided at the top of the waggon with a funnel or exhauster R, so joinled 
thereto as to turn freely with any change in the direction of movement of the waggon : and thus 
throughout the movement of tho said waggon a atroog draught fiom the interior ontwarda is 

firoduced by theoe funnels, which draught acting in combination with the forcing action of tlie fixed 
nnnels D' at the otlierendofthe waggon, whenever the latter is in motion, will ensure a rapid change 
of the air in its interior; the rapidity of this change of air being regulated by Talvee in tho inlet and 
outlet pipes. To carry tho hooka for attoobing the careeeee of meat, the beams S, which oonaist of 
flat bars of iron arranged in paira, ore placed across the waggon at the comice. the said beams being 
stayed to the roof hy the diagonal braces S', aud on the beams S are ph<ced a number of suitable 
hooks for the suapensiun of the entire carcases or large joints of meaL A second seriee of movable 
beama S', fitted with honks, may be inserted at a proper height to support smaller Joints or pieces 
of meet ; or long movable bool^ may be temporarily attached to the oeam 8 to serve this latter 
purpose. When the waggon ia required for carrying fruit, vegetiihles, Sowers, and the like, it is 
provided with racks or shelves iu place of the beams and hooka shove described. The ice tank J 
ts suspended from the rafters by strong straps, thua leaving the entire length of beams clear for the 
adjustment of the meat books, as shown in the cross section. Fig. 202.^. The ice reservoir J and 
the oomportment K arc fitted with doors J' in the top to admit the ioe and drying material, the 
said doora being accessible by corresponding doors or traps in the double roof, so conttruoted as 
to be air-tight when cloeed. To effectuall)' ensnre the protectinn of the wa^-con roof from the 
direct rays of the sun, a false roof T formed of oinvas stretched over light rafters T', which are 
supported by brackets, is plaoed a few inches above the true roof R. this false roof being also 
provided with doors ur traps to permit access to the doora J" in the tme roof. The doors U slide 
on rollers, and to ensure tlie air-tight closiug of these doors, an indiambbeT tube V is plawd 
entirely round the opening in the waggon sides, and tho door, when shut, is brought firmly against 
this indiarubbcr tube by means of the bolts C, which paaa through the door and screw into tapped 
boles of the wall of tho waggon, thus ensuring a perfectly air-tight joint between the aides of the 
waggon and the door. The door U ia aometimea formed double, or in two parallel p^irts, oue fitted 
inside and the ether outsiilo of the waggon nails. To fucililate the proper cleaning of the interior 
of tlie waggon, tho interior surfaoe of tlie Boor is made to slightly incline to the centre throughout 
its entire length, and » hole or well in the floor, fitted with a suitable plug, permits the escape of 
fluids dripping from the meats or used in cleaning the WEiggon. 

Figs. -.^025, 2026 are of Knott's refrigerator car, or provision waggon. Fig. 2025 being a 
longitudinal section of the waggon, and Fig. 2U2G a cross section of tlie same. The whole of the 
interior of this waggon is surrounded or lined with any euitabia non-conducting Bubstance a, and 
ia rendered perfectly wr-tigbt. The chamber or receiver AD for oontaining the required refrigerat- 
ing agents for producing the desired low temperature, is formed in the top of tho waggon. This 
chamber or receiver is constnicted of any suitable melal, and is made of the same width as th« 
interior ol the waggon, and is Bupporled ou suitable ledgce B, fixed along the sidea of tho waggon. 



ROLLING STOCK. 



1019 



A small spaoe C ia left between the top and the ends of the receiver AD and the non-oondacting 
lining a of the waggon for the paaeage of air. The top part D of the receiver A D ia made aome- 
what ahorter and narrower, bnt deeper, than the lower part A, aa shown, and aervea for the intro- 
duction of the refrigerating agents from the top of the car, which ia provided with air-tight closing 
doora M for that pnrpoae ; 5 are pipea or tubes pasaing through the ahallow part of the receiver or 
tank A, for the downward paasage of the cold air, as hereinafter described ; c similar pipes passing 
in an oblique direction firom top to bottom of the receiver or tank AD. On the under side of the 



2025. 



2026. 





said receiver are fixed a series of gutters E, bo arranged as to collect the condensed moisture and to 
carry it to a transverse gutter F, placed at the end of the carriage, the condenaed moisture being 
carried off fh>m the said gutter F,and discharged outside the carriage by the pipe 6, which ia pro- 
vided with a aiphon H at its lower end, to prevent the inlet of the external air. From the bottom 
of Uie receiver A paases a pipe I, communicating with the coil of pipes K passing round the inside 
of the waggon as shown, the lower end of the said coil passing out through the bottom of the 
wafTgon, this pipe being provided with stop-cocks J and L. In this waggon the carcases or joints of 
meat or other perishable articles to be preserved and transported, or stored, are hung or packed in 
any suitable manner, and the refrigerating agents are introduced into the receiver A D through the 
doors M in sufiScient quantities to produce the deeree of temperature required, and the doors are 
then closed air-tight The air in the waggon wiU then, in a short time, be brought to an even 
temperature in the following manner : — ^Tne warmer portion of the air will pass up through the 
spaces C to the top of the receiver A D, and will become cool and descend through the tubes 6 and 
Cj and any moisture which it may contain will be condensed in these tubes and on the outside sur- 
face of the tank, and be collected in the gutters E, the construction of the said gutters at the same 
time allowing the cold air to pass downwards, as shown by the arrows, and the moisture which ia 
collected in the aaid gutters will run into the transverse gutter F, whence it will be discharged 
through the waste-pipe G outside the carriage. When the refrigerating agents in the receiver A D 
shall nave become partially exhausted, the stop- cock J is turned on, and the partially exhausted 
agents will pass into the coil K, and when thoroughly exhausted they are discharged through the 
stop-cock L. In the meantime, the stop-cock J having been turned off, the receiver A has been 
filled with a fresh supply of refrigerating agents. By this arrangement the power of the refrigerating 
agents, consisting of ice and salt, is fully utilized. 

From the above description it is evident that in this waggon there will be a continuous circulu* 
tion of the contained air, which will be constantly kept in a dry state, for any moisture therein, or 
which may form therein from its contact with the meat or other articles in the vraggon, will be con- 
densed, and then be collected in the gutten E and F, and be discharged outside the waggon. 

It will thus be seen that this waggon differa considerably from that of Mann, through which 
a continuous current of fresh air is maintained, while in Knott's waggon the air remains un* 
changed from the time of loading until the waggon is opened for the removal of the meat or other 
provisions* 

Tallerman, Gruning, and Dawnay's refrigerating waprgon. Figs. 2027 to 2029, combines the 
advantages of the two systems above described, as bv the opening or closing of certain valves, 
either the same air may be continually circulati-d through the waggon, as in Knott's system, 
or a continuous current of fresh air may be passed through the interior, as in Mann's waggon. 

The body of this waggon is constructed with an inner and outer boarding, having either a non* 
conducting lining between or a clear air space, but the invention may a^ be applied to any 
ordinary covered waggon without double boarding. Fig. 2027 is a longitudinal vertical section of 
the waggon ; Fig. 2029 is a half plan of coil, and half plan of ice-tank doors ; and Fig. 2028 a vertical 
cross section of the waggon. The pipes A are arranged as a coil for the cirouhition of the air 
through the cooling medium ; B is the inlet pipe from the outer air ; C is the inlet to the coil ; D 
the exit trumpet-mouth into the interior of the waggon ; E ia the ice or freezing mixture tank, of 
wrought iron ; F are the iron coven of the aame, opening upwarda ; G are iron bearera aupporting 
the coil of pipea A, and alao forming the aubatructure of the tank £ ; H is the pipe leading to the 
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mluiuter ; I the ezhaiutflr ; J the exit of the suie, or dMchuge pipe ; E 1b b pulley keyed to one 
or the ■ike of the iitf^goa ; and H a pullej which in keyed to • cranked aile carried by bracket^ 
peudiuit from the battom or tlie waggon, motion being tranemitted from the pulley K lo the pitllpy 
M by the atnip L, the (Bid polleya and strap driving the eibtiiuter L N it the oivciulatitig pipe to 
be a>ed when it is required to circulate the aame air oontlaiioasly through the waggon ; nud aru 
moTabte irondea ooTers fbnning ttie ooteide roof of the wh^od, the «aid ooven being made io 
eecttoDii to admit of easy removal, and fastened down bj oalch hookj and Htudg. 




The method of working is aa follows: — The tank E beio^ filled with ioe or other 
mixture, and the van bein^sent foivard on itajoDmey, the motion of the wheel aile< 
motiotl to the purta G, L, H, which work Ihe pUton of the exhauster, and the air is drawn in at 
the inlet B, and passes over tlie top of the tunk, beonming pnrtiiilly oouled in its pasaage. It is 
then drawn thrangh the coil A, out at the exit D into the vau, and theitoe into the inlet H, and ■■ 
pa«ed by the exhansler out into 

the atmoaphere. To effect a eon- MM. 

tianoui cironlation of the nma 
air, eeob of the trumpet montha 
D, D, Q, P ia provided with aoiroular 
ooTer, which may be opened or 
closed at pleamre. On ohMiDg B 
and P it wilt be evident that all 
connection with the outer air will 
be prevented, and that thus the air 
amtained in the waggon will be 
drawn into the exhauster I, and 
eontinuooaly circnlated throngb the 
oooling appaiatoa. 

Ooodi Waggant.—We oome now 
to the consideration of Qoods and Mineral Waggons ; for tlie following remarka on which w« are 
indebted to a paper read belbre the Institutioo of Civil Engineers, by W. R, Browne. 

" The dealgntng of a niiway waggon lias its peculiar diflicultiL's, eriaing bom the fact that, in 
addition to the oidinary strains, which can be (sioulated and allowed for, sneb a waggon isaUo 
subject to sadden and extisordimu7 strains which defy calculation ; and it li tbtee etraina wbi^ 
have diietty to be oonsidered in the bnilding of a waggon. The leading principle, therefbre, mutt 
be that all urta should be strong enough to sustain, without inJDl?, tbe greatest thooks to whidi 
they are liable in ordinary working : from which it follows that tlie strei^tb of a railway Tehiole 
must not, as in other atructnres, be proportioned to the load it has to carry. To show this by an 
example, lake Uie cvdinarj sole-bar of an B-km or a lO-tun waggon. This, following tbe dimensions 
specified by most railway oompanies, will be a pieoo of American oak, 12 in. deep by 6 in. wide, 
and carrying a diitributed load over a length of abont 14 ft. Taking 10 tons as the load, and 
4 tons aa the weight of tbe waggon ilaelf, excloaive of wbeoia, axles, and springs, this distribnied 
load will be 7 tons, or just } ton a ft, ; and this load is anpporled on ttie two axles, which may 
be taken at 8 ft. apart. On calcalstiug the bending momentH at the centre of this wheel base and 
over the axles respectively, it will be found that the latter is Uie greatest, and that its value in 
iDcb-tons is I X IS or 27. Bnt catoulating the breaking strain of a lli-in. by 5-in. section in the 
ordinary way, and assuming f aa the modutua for inoh-tons, the moment of rnptnre is foond to be 
564. This gives a factor of safety of 21, or at least doable what would be reqnired in an ordinary 
timber structure. It follows that some other conKideratlon must have led to the flxirvg of thia 
scantling ; and this of course liw in tbe fact that the snli^bar baa not morti j to carry the load, bst 
to carry it nnder all the varying cironmslanoeeDr sbooh and itruin wUicb have already been all nded to. 
It might seem an obvious deduction from tbe foregoing that the load of waggons, meaning theieby 
the total weiRbt carried, Id opposition to the " lar« " or dead weight, oogbt to be largely increoaed. 
If the underframe of a waggon must in any case be made so atmiig that it would cany 20 toos as 
easity aa 10 tons, would it not be true policy to put something approaching to 20 tons nptm iit 
Tbis leads at once to tlie qoestion, which ought obviously to form the first stage of inquiry, namdj. 
What is the proper load fiir bd ordinary waggon ? Tbe leading principle would seem to be, tbat 
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the ksd ahimld be m graal u poMible, bnt for nowins whloh will be pointed ant, tbe qoeBtioa mn; 
be mid praotically to lie between S and lO-too waggons. Ttie qoealion being Ihna narrowed, tbe 
differenre between the coat and weight of an S>toD and s 10-toa waggon baa to be oonaidered. 

"FigB. 2030 to 2033 rel&le to aa ordlnuy tt-IOD coal waggon, as built by the Bridgewater 
Engineering Cumpany , the tare of which ii about 4 lona 7 cwt. A aimil&r waggon ooQitmoted to 
carry 10 tons woolil weigh about 4 torn 14 owt. Ttiia oomperiion would sppeu to prove that the 
10-ton waRgon w&a decidedly tlie proper type, and thai, ai even here the factor of nifuty ia far too 
high, a yet grtater load might be readrtad to. Thia oonctaaion, boweTsr, is negatived by the two 
following conaideistiOQB :— 

"^ Woggooa not only have to be haalad by looooMtivea; theif have alu .to be ihifted by horae- 
power in yards and aidinga ; obvioiuly tlierefore, it ia a fatal objei-tioa if a waggon ia too heavy for 
a aingle horse to move it. Now it leqnites all the abength ol k powerful borae to start a lO-ton 




wi^gon, fully loaded and in ordinal? working order, Qpon a dead level ; to start it oa anything like 
an ineline is too mnob for him : henoe 10 tons a the eitreine limit admiagible for the lond. 

"It ii oompatatively aeldom that a waggon is loaded np to its fiUl capacity. This arise* 
finm several canses. Thus in the fint place, Uie contents of a waggon are often loo bulky to make 
up the Full weight ; seoondly, the whole quantity of goods to be sent is often less than this freight ; 
a tmck comes into some private yard and is loaded, say, with 3 tana of castings, which are quite 
stiffloient to oonititnte what is called a ' ttuck-load ' ; it is returned to the station, and thence goes 
direct to its destination, no weight being added, because nothing else offered having the Bame 
ooDSignment ; white, tbinlly. the goods traffic on a railway is seldom oqnal in the two direotioiis ; 
henoe waggons have constantly to be aunt back empty. Tiieie are, unfortuoalely, no statistics with 
respect to English railways which will enable a judginent to be formed ofthe eSeclof tliesecaoses, 
and so to approximate la the avenge load of a waggoo. For the tail ways of Fmnce, however, such 
Ktatietica do exist, though not in a perfect fbrm. From an anelyais of these reports for the six 
great railway systems of Fiance by Ernest Marcb^ It turn beeo fonnd that, roughly speaking, one 
woggoQ in five is running empty and the other four are loaded to rather less than half their carrying 
capacity. It is possible uiat English lines, on account of their much larger mineral traffic, would 
show more favourable results ; but the difference probably would not be grent. Looking at these 
&cta, and remembering that the extra weight aud coat of a 10-ton waggon are entirely wasted when- 
ever its load does not exceed B tons, it would seem that the latter is probably the best figure to take 
for purpoeea of general traffic. An exception may arise in the case of coo) or ore waggons owned by 

!>rivate firms ami used only for a single purpose. These are commonly loaded at the pits lo their 
ull weight, and in such cases tlie ehunting is so gonerally done by engine instead of by horse-power 
that the other evil is iiot go important. Taking, however, an ordinary goods waggon, such as 
railway eompaoies nee for geoend purposes, the cass may be aummed up by sayiui;, that even if 
bailt for 10 tons it wlU rarely have more than 8 tons to can?, and that when it has, its oumbrona 
weisbt will be likely to catise trouble both at the beginning and at the eud of its journey. 

" Another question which arises in designing goods waggoua is, whether it is wise to provide, as 
far as possible, s^ial types of waggons for the various clasees of trafflo. This proposal baa often 
been made, and it is oertainly plausible at first sight. As has been pointed oni a heavy waggon 
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may receive, say at High Wycombe, a consignment of cane-bottoned ohairs, to be delivoied at 
Bristol ; and though built for 10 tons, will be thus travelling with a load amounting only to a few 
hundred weight. Or again, the Great Western Railway forwards daily throughout the spring 
many trucks full of cauliflowers, grown in Cornwall, but destined for the London market In these 
and all similar cases there ia no doubt that special types of light waggons might be designed which 
would offer great advantages for the conveyance of these particular loads. But this course is open 
to two fatal objections. 

'* Supposing the light waggon to have deposited its freight of chairs at BdstoL It has then 
to be sent back, and it is of course desirable that it should not go empty. But the goods going 
from Bristol towards London are not of a light character, and perhaps the only consignment offering 
is a ponderous casting, or some heavy barrels of sugar. There is then only the choice between 
sending the waggon back light, or loading it.beyond its proper capacity. 

** Whether loaded or not, the light waggon will have to travel as one of a long train of waggons, 
most or perhaps all of which ore of a much heavier and stronger build than itself. In cases of 
accident, or in the ordinary events of shunting, starting, and stopping, the light waggon will be 
much in tiie position of the earthenware pot in the fable ; it will meet with so much rough usage, 
will be so mauled and hammered by its neighbours, that its life, under the most favourable 
circumstances, will be of short duration. 

** These two considerations seem fully to justify the course which has been taken by railway 
companies, both here and on the Continent, in reducing as far as possible the number of classes of 
waggons. There must always, however, remain a considerable number of varieties to provide for 
tramc to wluch ordinary waggons are unsuitable. The chief of these are covered for perishable 
goods, rattle, timber, coal and mineral, coke, platform for heavy masses, such as boilers, refrigerator 
cars for the conveyance of fresh meat, fish, fruit, and the like, and some few other classes. But 
much may be done to economize even these ; thus, cattle waggons may be used for coke, or at 
another time for light bulky articles, such as would generally be carried in covered waggons; 
boilers may be conveyed on timber waggons, and so forth. 

" Having then decided the most economical capacity for a goods waggon to be 8 tons, and that 
it should never exceed 10 tons, while its form should be such as to render it as generally useful as 
possible ; the next consideration is its design in detail ; and for this purpose a waggon may be 
divided into the following parts, beginning from below ; — 

'* Wheels and axles. Axle boxes. Springs. Underframe, axle guards, and connections. 
Draw gear. Buffers. Body. 

'*Fig. 2031 is the type of wheels and axles commonly employed for ordinary freighter's 
waggons in England. The wheels consist of a cast-iron nave or boss, with wrought-iron spokes 
cast into it, and bent round to form a skeleton on which a steel or weldless irou tire is shrunk 
and secured by rivets. The diameter of the axle is 5 in. in the wheel seat, and 5^ in. just inside 
the wheel, thus forming a shoulder ; thence it tapers to 4} in. in the centra ; while outside the 
wheel it is reduced to 3^ in. for the journal, which is 7 in. long ; and these dimensions do not vary 
much from those in use on the chief systems both at home and abroad. 

'* The great diminution in size, both at the journal and in the centre, is, at first sight, hard to 
account for. The axle may of course be considered as a beam, loaded at each end, in the journals, 
by the half weight of the truck, and kept in equilibrium by the two upward pressures of the rails, 
passing through the wheels. It is thus under the action of two equal ana opposite couples, in 
which the force is half the weight of the truck, and the arm is the distance between the centre of 
the journal and the centre of the boss. As the effect of such a couple is precisely the same at every 
point of the axle, it would seem that the diameter should also be the same everywhere. But it 
must be obvious that an axle is never endangered by the regular statical load brought upon it ; its 
fracture being always occasioned by some sudden shock, such as might be caused by a stone placed 
on one of the rails, when the whole axle will act, for the moment, as a beam fixed at one end and 
receiving a blow at the other. This will of course produce its greatest effect at the fixed end, that 
is, in this case, close to the disturbed wheel ; from thence the effect will diminish to its lowest 
value at the other, or undisturbed wheel. This is the reason of the reduced diameter at the centre, 
the strain there being always less than at one or other of the wheels. The diminution ia of course 
proportional to the moment of resistance, and therefore to the moment of inertia of the section ; as 
this in a circle varies as the fourth power of the radiuSi the ratio of the diameter at the centre to 

that at the wheel seat should equal i/i, or 0'84, a proportion very near to that found in practice. 
The utility of this diminution has been questioned ; out the above reasoning seems fully to demon* 
strate its theoretical soundness, while practically it effects a considerable saving in weight and cost. 
The same reasoning accounts for the well-known* fact, that axles generally break just inside the wheel 
seat. This point is, in fact, that at which the cantilever is fixed, considering the axle as such, and 
therefore that at which the intensity of strain is greatest. It is obviously desirable to avoid anything 
which may tend to weaken the section at this point. On some railways it ia the practice to have a 
shoulder about ^ in. deep on the axle, just inside the wheel, to prevent the. latter from working 
inwards, but the great tightness with which wheels are now fastened to their axles, seems to render 
this unnecessary, and, in fact, on many lines it is dispensed with altogether; in any case, the 
difference between the first and the finishing cut of the lathe used in taming down the axle would 
seem to be amply sufficient. Anything more than this is objectionable, from the well-known fact 
that an abrupt change of section, in any piece subjected to impulsive strains, has a marked tendency 
to produce fracture. 

^ The greatly diminished size which may be given to the journal is also midnly due to the fact 
above noticed, namely, that it is a blow delivered by one rail which produces the most violent 
strain on an axle ; another cause, however, which no doubt comes in to assist the jcurnal, is the 
operation of the bearing spring, through which the weight is transmitted. When a wheel passes 
over an inequality, the weight of the truck must of course come heavily down upon the journal ; 
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but the effect is taken off by the yieldine of the bearing spring, and changed from a violent blow 
into a gradual pressure. This leads to the inqniry whether the shock to the wheel seat might not 
be, to some extent, * cushioned ' in a similar manner. This clearly implies the giving of a certain 
amount of elasticity to the wheel itself; and this has apparently been accompliBhed in the wooden 
wheel system, now so frequently used, especially for carriages. The space between the boss and 
the tire is here filled up by a series of hard wood blocks, set endwise to the fibres, and secured both 
at the boss and the tire by rings of plate iron. This system has been in use on the London and 
South- Western Railway for thirty years. The wood used in the first wheels was teak, which was 
saturated with oil and white-lead by a process similar to creosoting, that is, by placing the blocks in 
a receiver, first exhausting the air to remove the sap, and then forcing in the oil and lead under a 
pressure of 90 lb. to the sq. in. Some of these wheels have lately been taken off and cut down to 
a smaller diameter ; the wood being found to be perfectly sound. The breaking of an axle has 
never been known to take place with these wooden wheels, a result which can only be due to the 
elasticity they possess. These wheels are lighter than ordiinary iron wheels, the total difference 
being as much as 3 cwt. per pair ; and their &st cost is not much g^reater. The tires rest directly 
on the wood, so that no i^eleton is required, and are secured by some kind of clip fastening and not 
by rivets. 

*' In the sharpest possible contrast to these elastic wooden wheels, is the chilled cast-iron wheel 
so much in vogue in America. The merits of this wheel have often been discussed ; and its exces* 
sive rigidity would certainly seem to form a great objection to it ; though this wouM appear not to 
have TOcn felt in the States, where the permanent way is often of the roughest description. Possibly 
the curve which is usually given to the section between the boss and tire, in order to allow for con- 
traction, may give to the wheel, when in use, a certain degree of elasticitv. 

*^ Before leaving the subject of wheels and axles, it should be noted that one important point to 
be aimed at is the prevention of the wear of the journals. The skeleton and boss of a wheel, and the 
whole length of the axle, are practically subject to no wear and tear whatever ; and though tires 
wear out, they can easily be renewed. Thus the life of a pair of wheels would be indefinite were 
it not that the journals wear down, and the wheels are then useless. An obvious remedy is to 
*bu^ * them with brass or white metal ; but as obvious an objection is, that the arm at which the 
bearing friction acts would thereby be increased. Another device would be to make the journals 
in separate pieces and screw them into the ends of the axles ; but there mig^t then be fear of their 
working loose. This point is one which would seem worthy of attention. 

** The next part of the waggon to be considered is the axle boxes, involving the important 
question, whether oil or grease should be preferred as a lubricant. At present oil is universal 
in hot climates, is general in Germanv ana in the United States, and is largely used in England 
by railway companies; but grease is almost the only lubricant used for private waggons. The 
advantages of the latter are its cheapness and facility of application. The real ground of its use is 
probably the much greater cost of an oil axle-box. The advantages claimed for the oil axle-box. 
would seem to outweigh this difference in prime cost These are ; — ^The quantity of the lubricant 
used is 80' much smaller that it needs to be renewed very seldom. Should the supply run short, 
the box heats, not suddenly, like a grease box, but gradually, taking two or three days to arrive 
at a dangerous temperature ; this of course increases the chance of its being discovered in time. 
There seems to be no doubt that the friction resistance is decidedly smaller with oil than with 
grease, a point of vital importance. The geneml result of a series of experiments on the London 
and South-Westem Railway was, that with oil the resistance to traction of a waggon in motion was 
only 3 lb. a ton, whilst with grease it was about 9 lb. ; on the other hand, the resistance of a 
waggon at rest to being started was somewhat greater with oil than with grease, but the difference 
was not large, 15 lb. and 13 lb. a ton respectively. 

*^ With regard to axle guards, the VV'^^^P®* °^^ unive^l, probably admits of no improvement. 
The thickness of the iron, f in., is also fixed by general consent. The width, however, is generally 
excessive ; on many railways 31 in. being still the minimum. It is believed that, where the iron is, 
as it ought to be, first-rate, a width of 2^ in. is ample, even for the crowns, and that for the wings 
2} in. is sufficient. It must be remembered that both the pulling and the buffing strains are trans- 
mitted through the body of the waggon ; consequently the stress thrown on the guards by sudden 
stopping or starting is only that due to the momentum of the wheels and axle, weighing together 
about 14 cwt. This can never be very great ; and, even with the moderate width us^ by some 
railways, the fracture of an axle guard is almost unknown. 

** The spring adopted by the Highland Railway Company is flat and long, like a carriage spring, 
consisting of nine plates 3} in. by i in. ; the uppermost 3 ft 6 in. in length. On other lines the 
plates have a decided camber ; their width varying from 4 in. on the Caledonian to 3 in. on the 
Oreat Western, and whilst in the former case they are ten in number, each ^ in. thick, in the 
latter there are two plates ) in., and fourteen plates -^ in. A much lighter spring is that used 
on the Cambrian railway, which consists of ten plates 3 in. by } in., and one plate 3 in. by | in. 
Probably a simpler form even than this would suffice. In a waggon great flexibility is not neces- 
sary ; and strength is best consulted by making the plates few and thick ; since in a laminated 
body the several parts act almost independently, and the sum of their strength gives the real 
strength of the whole. Hence, as the strength of a beam varies as the square of its depth, six 
plates 4 in. thick will more than e<}ual ten plates of { in. thick ; and it wonld seem that a spring 
consisting of only seven plates 3 in. by ^ in. wonld have sufficient strength, and protMsbly also 
sufficient elasticity. Such springs wonld not weigh above 2 cwt. 2 qrs. a set, in comparison with 
4 cwt. 2 qrs. 20 lb., the weight of the Great Western springs. 

" In Fig. 2032 is shown the plan of an ordinary oak underframe for an 8-ton waggon. The 
diagonals should always incline from the centre towards the buffers, and not, as sometimes seen, 
from the ends of the middle bearers towards the draw-l)ar. In the latter case they give no 
assistance against the pull of the draw-gear, because they cannot act as ties; in the former 
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they are able to aasmne their proper fnnetion as strata, and thus help to support the ' bafflng ' 
strains. This difficulty as to ties constitntee, in fiaol, the chief disadvantage in wooden straotnrae. 
In an underframe it compels the use of wronght-iron tie-rods both along and across the framei. 
LooldDg at this, an nnder&ame of combined wood and iron would seem desirable, in which angle or 
T irons should act both as supports and ties ; but such eombinations are rarely successful. Carrying 
the same idea still farther, many engineers have built nnderframee wholly of iron, but the advantage 
of this is more than doubtfiiL For on comparing the properties of American oak and wrought iron, 
as given in Bankine's * Rules and Tables,' it will be found that the following is amnroxioiately trae ;•— 
a Mr of iron in comparison with an exactly similar bar of oak has five times the strength to resist 
tearing, six times the strength to resist crushing, and four times the strength to resist cross-breaking ; 
but, on the other hand, it has ten times the weight and twelve times the value. Henoe to have, say, 
a sole-bar in iron of the same strength as one in oak, one-sixth the scantliog must be given ; but in 
that case it would weigh 66 per cent, and cost 100 per cent, more than its rival. This result is 
eompletely borne out in practice. The weight of the oak underframe shown is about 12cwt., 
mdnding tie-rods. But an inm underframe of the same general character and size, if made with 
the usufd dimensicms, would weigh about 16 owt. Against this there seems only one point to 
urge in favour of iron, and that is its great durability. But this may easily be bought too dear. 
In the first place, waggons get out of date. But apart from this, the ordinary life of a waggon is 
so hasardous, exposed to so many natural and unnatural shocks, that its average duration is much 
below what would be due to the ordinary processes of decay. On this point, as might be expected, 
optnioDs differ much, and statistics are hard to obtain. The engineer of one important railway 
states that the number of waggons destroyed by accident is so small as not to be worth considera- 
tion. The engineer of another line, equally important, says, that on an average waggons wiU 
not run above twelve yean before coming to a violent end. Probably the trath lies between the 
two. At any rate, there seems good reason to conclude that durabilifrjr is by no means the most 
important point in designing such a structure as a railway waggon ; and, in fact, so fully has this 
been realiMd by some leading authorities, that on the vast system of the Midland Bailwsy, for 
example* iron undeiframes are completely unknown. 

** Another point remains for oonsideratiou, namely, the scantling to be given to the headsftooks, 
solehban, and middle-bearen. In the waggon shown these are aU 12 in. by 5 in., and this is the 
scantling fixed by most of the leading railway oompanies for private waggons ; but at the same 
time dimensions much below these are known. These dimensions may he necessary for the sole- 
burs and headstocks, as it is these which have to bear the chief strains, but for the middle-bearers 
they would seem excessive. The reason for strenethening these is, no doubt, the fact that with 
ordinary draw-gear, the whole strain of traction is brought upon them ; but with continuous draw- 
gear this is not the cases and then these middle-bearers, especially if the bottom planks run across, 
not along the frame, have but little to do. In any case, Um model waggon may be assumed to have 
sole-ban and headstocks of 11 in. by 4| in. scantling, and middle-beanra and diagonals of 11 in. 
by 3 in. 

** The draw-gear. Fig. 2034, employed for waggons consists of a bode at each end o# the trnek, 
with a shackle and chain attached to it. This hook is welded on to the end of a bar, 1} in. round 
in general, which passes through the headstoek and generally also through the middle-bearer, and 
is made to bear against the latter by means of a nut and indiarubber washers. An improvement 
on this is the continuous draw-gear, which consists in uniting together the inner ends of the two 
draw-barSy so that they form one system, and the traction is obteined by the draw-hook in rear of 
the truck bearing against ite headstock. It is clear that in the firat case the body of the truck forms 
itself a link in the chain of traction, and the whole resistance of the hinder pert of the train is trans- 
mitted through it as a tensile strain. In the continuous system, on tlie other hand, the draw-ban 
form the chain, independently of the waggons, and the whole strain on any one of the latter is that 

due to its own resistance to traction conveyed in the form of pressure which it is best adapted to 
resist The disadvantage of the continuous system is ite great weight and expense. The heavy 

draw-bars, extending the whole length of the track, do not add to ite strength in the slightest 

degree, and the cradle, or intermediate piece which oonneoto the draw-ban together is always 

cumbersome and costly. In view of this, a system of continuous draw-gear. Fig. 2034, has been 

designed* The indiarabbera are there contained in a wrought-iron case fixed upon the outdde of 

the headstock ; and the strain is transmitted through four 

I'ia, rods, which at the same time act as the longitudinal ^o^ 

tiee of the underframe. The draw-hook terminates in a 

short shank, which passes through the headstock to get 

an inside bearing. The advantages aimed at are; — ^A 

saving in weight and cost, since the ordinary tie-rods are 

dispensed with. The avoidance of a weld in the draw-bar, 

hence the risk which always attends a welded piece is 

absent. The indiarabbera are outside the track, and more 

easily accessible when required. The strain is transmitted 

through four rods instead of one ; and should one of these happen to be of inferior quality and give 

w^y, the other three would probably hold, at any rate till the waggon reached some place where 

the fiiilure would be observed. 

^ Before leaving the subject of draw-bars, a word may be said upon safety chains. These, which 

were once in general use, nave been mostly abandoned, for it has been foimd that if a draw-bar 

breaks, the safety chains also inevitebly break under the shock brought on them bv the separating 

train. This, in fact, has so often been the case that their discontinuance is not to oe wondered at ; 

indeed, in more than one instance tiiey have done actual harm by one of them holding while the 

other gave way, and thus getting the waggon across the line. 

^ There would seem to be a growing inclination to abandon spring buffers, at least in mineral 
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wnegona ; and Ihii tendenoy, once began, id ''^Bly in ftMrcaao, rince a wttf^n with Bpring-baffen 

K' ced in a trnin of othen having ■ detid * buffon onl^, ia sura to fEu« bad);. The Midland 
ilnaf , howerer, and also the Great Weitern Dow baild Ibair wageons with a buffet ijstem Himilai 
to that iMed for oaniagec. The buffer heads are altaohed to lonp rod», which botr ngaiost the two 
enda ot ■ large laminated ipring laid horizontally aomas the undirlrame outside the middle-bearer. 
The draw-bar ii widened oot. and a slot made in it, through which this ipring panes, lo that it 
bcIb Bgainit the traction as well aa against the buffing strains. 

"The ontside dimensiona of the bodj are, in genenJ, left to the judgment of the builder. 
The Taff Vala BaUway, huwerer, specify that the capocitj shall be between 240 and 245 onbic ft. 



and that the wheel Inse shall not be more than S ft. 6 in. Tliia necessitates an aioceilingl; short 

and deep waggon. On other lines the wheel base is generally specified to be about S feet, and the 

length, especially in the Nnrtb of England, is at least I^ ft., and often 14 ft. or Tifinnrds. The 

Taff Vale type, though perhaps elaggerated, represents much more nearly what should be aimed 

at; tlie advantages of short waggons being manirdd. In the fir«t place, they effect a oonsideiable 

Baring in weiebt and cost. The sheeting is of course nearly tlie same in any case, if the cubic 

roDlents are tne satne ; but the siile bars, side rails, and diagonals are shortened, and so are the 

draw-beiB, capping irons, and longitudinal tie-rods. Secondly, short tmchs are handier in them- 

selves, and require smaller turntables. Thirdly, they make up into shorter and handier traint. 

This last is an advantage of great importance 

when the enormous length of goods trains at the ^OM. 

present day is considered, and also that such a 

train has usually to move ita whole length twice, 

flrst past the points and then over them, in order 

to get into a sidiog. Fonrthly, a sbott tmck 

CAQQOt fail, as a long Imok onen does, by the 

hoeging of the sole-bars. Supposing a sole-bar 

to be nniformly loaded, and supported on axles 

8 ft. apart, it should not overhang more than 

2 ft 10 in. at each end if the strain over the 

bearings is not to be gieater than that at the 

centre i but considering the weight of the head- 

stnck, buffers, sheeting, Ac, whiob are plxccd at 

the eitreme end of the sole-bar, it nould SGem 

tiiat 2 ft. it in. is a more flrting limit. Tliia 

woold give a length of 12 ft. 6 in. ; and this, 

with a width oT atout 7 ft. S in. and a deptii of 

aboat 2 ft. 9 in., will form the most snitabin 

body for an 8-ton waggon. If there are no end 

doors, the two end planks may bn curved with a 

rise of 5 in., and then the depth of the aides 

need not exceed 2 ft. 6 in. 

"The thickness of the planking has also to be 
considered. In general that of the bottom is 

a in., and that of the sides either 2} in. or S in. 
e top edge is protected by a capping iron or flat bar; but this bar b^ng simply screwed down to 
the top plank, does not add to the strength of the waggon in any way. It wonid, therefore, appear 
feasible to transfonn this into a light angle iron, say 2 in. by 2 in. by ) in., which should be 1^ 
into the top plnnk throughout its Itngth, and bolted at ench end to the comer plates, and also to 
the inside knees wherever they occur. There would thus be formed a sort of light wtnught-iron 
frame for the body, which would materially strengthen it, and th« thicknesa of planking might 
then be reduced to 2 in., or even leas." 

2 V 
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Fig. 2030 IB s nJe eleTalion, Fig. 2031 an end elevatioti, and Fig. 2032 a plan of bd ordinu:r 
S-ton coal waggon, as bnilt b; the Bridgewater EDgineering Company, tu mu un ilie liaM of the 
Great Western KuIvayCompanj. Tho ntiderrrame uf tliis waggon is entiielj of oak, tlie Bole^nn, 
beodsfenka, and middle-beareTB being all 12 in. bj 5 in., and the diagooali II in. by 3 in. The 
wheela, Fig. 2033, are 3 ft. in diameter, wltli eight pain of wronght-iroa ipokes, and weldleaa iron 
or Beuemer steel Urea, 5 in. hj 2 in., aecnied to the gkeleton bf riveta. The axlea are 5 in. 
diameter within the boas, and 4^ in. dianseter at the oentre. tile jonmall beiDg T in. by 3| in. The 
bearing ipringa are 3 ft. 3 in. bng by 3 in, wide, and consist of twelTe plates each ) in. thick, and 
one plate j: in. thick. Its tare weight is abont 4 tons 7 cwL 

Fig. 2035 iB a Bide elevation, and Fig. 2D36 un end elevation of a 10-ton goods waggon, with 
one end and side doors, conBtmoled bj the above company: tlie plan of the underframing and 
the general oonstruction being similar to that of the 8-toD waggon above described. 

In Figs. 2037 tn 2039 is shown an iron coal wanron oonstructed by the SooJA^ O^ndral 
d' Exploitation de Chemini de For, Tnbise, Belginm ; Fig. 2037 is a aide elevatian. Fig. 2038, a 




half end elevation and half cross section, a 
□nderframing. This waggon is fitted with ai 
eioeptioM of Ihe flonr, which is of wood. 
lU principal dimenEions are ; — 

Depth of underlrame 

Width „ 

„ of channel irons forming 

nnderframe 

Width of centre channel iron 

Diagonals 1) in. by ] in. 

Middle bearers .. 2j in. by J in. 
Distance between oenties ut bnfiers 

Diameter of boBera 

Height of centre of buffers above 

Distance between centres of safety 

Length of body I 



Height of body inmde at oenlra 

Thioknesa of bottom plankings .. 

Width of doora 

Diameter of wbeels-'ttbout .. 

Width of tires 

Distance between centres of wheels 
„ „ „ journals 

Length of joumala 

"■ fiournala 

at back of JDumi'ls 

of wheel seat 

at back of wheel seat . . 
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longHndinal seclimi. Fig. 2041 partly a cnws noticni and parti; an end elevation, and Pig. 2D12 
a plan ot waggon and framing. The objM^ of this invention is to enable the bottom doors of 
hopper, coal, and other lailwa; waggons, to be opened or closed umnltaneongl;, vlthoat the 
attendant having to go beneath the waggon, or from one aide to the other, aa hitlierlo pnctiaed ; 
and the meana by which this is aooompliihed will be readily nnderatood fnta the drawings and tbe 
following description. A is the body portion of the waggon, and B the hopper, at the bottom of 




wliich and opening downwards are the double doora C, hinged to the sole-bar C in the ordinary 

manlier, and both cloeiuj: against the one common central or longitudinal bar C". These door* 
have impurted to them, by means of the cliaina D, a oongtant tendency to cloae ; tiie chains D being 
connecled to their hinges D', and pauing over tliu rollers r and pulleys p, and liavmg counter- 
balance weights attached to their cxtroiaities. A shaft E Is mounted trsnsversely acroM the 




under side of the waggon, and to each end of this shaft is keyed an oetoatiii^ lever F, ao as to 
enable aooh shaft to be worked from either side of the line of rails. On the shaft E fs an 
arm G, which is connected by a link H to a forked lever I monntad on a bolt J paming tbrongh the 
nndemeath longitudinal bar K. Tlia short arms I' of the lever I are designed to bold both the 
doon O in the doeed position, aa will be seen by reference to Fig, 2011. In order to fasten the 
doors C in either the closed or open position, a suitable dmp catcb L is applied on either side of 
the waggon, such catches being secnred at opposite extremities of a shaft M passing through the 
framework from one side of the waggon to the other, these catches L being each provided with a 
slot to catch OB t« one or the other of the two shorter arms F' of the actuating lever F, according 
as to whether it Is desired to retain the doors C in the open or closed position. 

Asaiimingthnt the doors are closed, as shown in the drawings, snd it is desired to open them, 
all that is requisite is for the attendant to lift the drop oatch L by means of its handle L', and 
then to pall the acloating lever F on one side, until the drop catch falls on to the other shorter 
arm F" of tbe actnating lever F, when the doors C will immediately open by reason of the weight 
of the materials lying npon them, and thus the contents of the waggon will be discharged. In 
order to secure the doors C remaining open nieanwhile, nnd to counteract the closing tendency 
imparled by the weights W, a length of chain N, is attached to each of tlio doora, the said chain 
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being provided with a ring O capable of being hooked on to a hook R, seonred to the framework 
of the waggon. The waggon having been thns emptied, the ring O is removed from its hook, 
when the balance weights W will be free to close the doors, and the same may be locked in the 
dosed position by once more releasing the drop catch L, and allowing it to grip the other shorter 
arm F' of the actuating lever F. And all of tiiese movements can be regulated from either side 
of the waggon, without the attendant having to pass either under the waggon or from one side to 
the other, whereby the safety of the attendant when discharging these truckiB is greatly increased. 

S04X 




A modification of this invention, to enable the bottom doors of railway waggons to be opened 
and closefl simultaneoualy from either side of the waggon, consists in the shaft E being provided 
with a pair of arms, one for each door, the extremities of which arms are designed to move along 
the outside of the bottom doors, and thus not only to raise and close the same, but to hold them in 
the closed position, Uiis modification being however only applicable to waggons with small doors, 
and which are sufficiently light in weight to be lifted by one man. 

In Fig. 2043 is shown a longitudinal section of anotlier construction of coal or mineral waggon, 
by Bimon Leach, of Chorley, Lancaster, which may be used either as an ordinary verticalHBided 
waggon with a carrying capacity of 10 tons, or as an 8-ton hopper waggon. 

2043. 




] 



This waggon is constructed with fixed vertical sides A in the usual manner, the underframe 
being provided with four cross bearers B. The upper and lower parts only of the ends C are 
fixtures, the central part of each end being formed into a hinged flap G'. The central portion £ of 
the bottom, between the two central cross bearers B, is made with either one or two doors to open 
downwards for discharging the contents, as in the ordinary hopper waggon. The end portions are 
each maile of two pieces F and G, hinged tofi^ether, the inner piece F of each being alao hinged to one 
of the inner cross oeauers B, so that it can be lifted up so as to form a portion of the sloping end of 
the hopper, as shown at the right hand of the Bgure, the other piece G, hinged thereto, forming, 
as it were, a strut or support to keep it in this position, a hook and staple, or bolt, being pro- 
vided to hold it firmly. The continuation of tho slope to the end of the waggon is made by 
the portion G' of the end, which is hinged at its upper bide to the vertical end G, and is so 
arranged that, when raised, it can rest on the hinged piece G, forming the strut or support, and it 
will then form, with the piece F, a continuous slope from the bottom to the upper part of the end 
of the waggon, so as to assume the form of a hopper waggon. 

When the waggon is to be used as an ordinary vertical-ended waggon, the end fiaps G' are 
allowed to hang down vertically, and, the hook being removed from the staple, the bingea parts F 
and G, of tho bottom fall down fiat and level with the central doors £; the en£i are then 
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verticul, as sliowti at tlie left hand of tbe fignie, and the bottom ia hoilnmtal and leTel Tronx end 

A rorered eoods vaggon, FigB. 2044 to 2046, of a very usefnl type, is one which, with Blight 
modi&catioDB, la very urgalf in use on oontinenlal lines. This waggon khb constructod bj 
the BailwH7 Rolling Stock Coiutniction CompoD;. Bteslan, and is intended to carry a luad of 



elevation and half longitudinal section ; F»g. 2iM5 a half end elevation and half croaa section ; 
and Pig. 2046 a quaitec plan of roof, a quarter plan of flooring, and a half plan of framing. 
The principal dim 



Length outside 23 7} 

„ iD«de 23 49 

„ over buffers 27 2|- 

Wiilth oQiside 8 6^ 

„ inside 8 4| 

Height inside at centre 7 4 

„ Bides 6 II 

„ ofdoorways 6 ^ 

Width „ 4 11 

Heiijhtofoentresofbnffen above rails 3 5^ 



Dietauoe between centres of aole 

Diameter of wheels 

Whtelhase 

Bola pUtcs .. 9| in. bj 3| in. 

Headstocks S}in. t^slin. 

IjODgitudinals and transverse 

betuert .. 5f in. by 2| in. 



6 H 
3 21 

13 1) 



by 2i in. 
1. by 2 In. 



The nnderTrame of this waggon is entirely of iron, the soles being formed of I irons, the head- 
stocks, longitudinals, and transverse bearers of channel wction, and the diagonals of angle iro 

the manner in which the vr~ .--•,<. r. — ■— ... ... 

shown in the plan. Fig. 2( 

rubbing pieces riveted to them to St the aila boxes, a plan 
common in continental praotioe. The draw-bar is oantinuoos 
with H volute drsw-epring, and the buffers are outside, with 
volute springs contained in wrongbt-iron akeh ton oases. The 
boily is carried at the sides by wruugbt-iron biacketa, riveted 
to the outer eidea of the soles ; and tbe framing, which ia 
of oak, is tight bnt stiff. The side and comer pillars are 
about 6 in. by I 1 in., and the diagonals ere of the tame 
scantling. The flooring is of 2 in. i>lanking laid traos- 
feisel; and lap-plated, while the side planking is of 1-in, 
boards, tonrued and grooved, and flicd outside the I'illara. 
The end planking, which is hUo tongited and grooved, is 
placed inside the pillars, and is 1-,^ in. thick Tor about half 
Ihe height of the waggon, and I in, thick fur tbe remainder. 
There la no lrai]BTerae framing at Ihe bottoms of the tnds 
of the body, bat the end pillara are each held at the bottom by 
a strap riveted to the upper flange of the headstock, and by 
a bolt pasting throueh a comer knee which ia sleo rivtted to 
the lieadatock. At their upper cnda the end pillars are boltetl 
to tbe outer side of the arch rail Instead of being tieuied into 
the latter, aa is the usual practice in this country. The ends 
are stiffened transversely by diagonals, placed inside the 

Elanking and extending from tlie comer pillars, at a Utile 
3low the middle of their height, to the floor, at about a third of the width of the waggon l^om the 
sides, as in tbe cross section. Fig. 2045. The sliding doors, on each side of the wa^on, ni« 
oanied by rollers, running on suitable rails, which are supported by the wrought-iron brackets 
aboTB referred to. 
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In Fige. 2047 to 2050 U an improred nilwar wagROO, with a moTable platfonn, to fHcilitute tba 
loading and unloading of loaded Tsbieles, b; Henii £ute, Fraaoe. Fig. 2047 a one of ttiese p[at- 
(brm naggons in eluvation, oloied on tba left iida, and open in vertical aeotion throngh the loiigi- 
todioal axis on the right Fig. 2048 is a crow section, tbe waggon being open. Fig. 2049 a plan 
of difiarent paxta of the waggon; A ia a plan of tlie &ame of the turntable, the wnggon being 



open ; B a plan Bhowing the waggon doaed ; C a plan of the underframe : and D a plan with tbe 
tomtable removed; and Fig. 2050 ia a oroaa section of the wag^n cloaed. In Fig. 2047 the 
waggon is loaded with an armj atoree road-carriage, and in Fig. 2018 it ia diaoharging tbe 

It will be seen troia the drawinga that the naaal woodwork iannaltered, tbe plankau alone being 
out for acceaa to the platfonn, nhidi tuma at the centre npon an axis b. The platform p ia of wood, 
its floor iuing level with that uf Che wnggon ; it is mounted on a special Axuae, fDruishod witli a 
oiroulai iron hoop e, which turns upon a lino of rollers d, which are aapported by the vraggon frame. 
As the diameter of this platform is superior to the breadth of the waggon, tbe former is cut on fonr 
sides, the said sides being, two and two, parallel and at right angles to each other. Two of these 
sides are furnislied witli wooden pieces/, whose dimensions are sufficient to fill up the spaces made 
in each of tbe side planks, and these pieces / form tlie continoalion of the said aide planks when 
tba wanon ia clcaed. Tlie other two sides, at riglit angles to the flrat, leave a apaoe in tbe middle 
of the floor, which ia filled np bj plates of abeet iron fixed by hinges eiclier to tbe floor of tha 
waggon or to that of the plalti^. Tbe«e latter sides aie also fomisbed with holes and iroiia i, for 



booking on tbe la(1ders,ar other equivalents, for running the loaded veliiclcs on and off tbe waggon. 
In the sides oF tho platForni are hooks i, in which the ends of the rollers g, whicli guide the drawing 
rape k, aie placed : this rope is coilid or let out by means of a drum A, whicli U placed either on 
the right or left of the waggon, as tho ouse may require', ami is supjiorted by the hooks >, which are 
bolt«d beneath the body ofthe WHggon. As shown in Fig, a048, tho drum A dtiirers tho rope *,or 
winda it, according as tlio vehicle is being loaded or uidnuJeil, aud bcfciro fustening to the onrriaeD 
this rope paaars over one of the rollers g. The drum h is intended to be actuated bv means of a 
racbet lever, aa uetng tb? most simple armngcment ; but any other form of wludlasa may bo 
empliiyiid if preferred. 
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The waggon is opened to receive or discharge the loaded vehicle by giving a quarter torn to the 
platform, and it is closed by giving a farther quarter torn, or by returning it to its former 
position ; which latter movement brings the vehicle into a position parallel with the lin& The 
advantages claimed for this waggon are as follows. By its use the time and labour expended in 
loading or unloading railway waggons with road carriages are greatly reduced, as the loading or 



2048. 




unloading can be carried on at any part of the line, without iU being necessary to shift the waggon 
to a special pnrt of the line in the manner now adopted ; also, as each waggon contains a turntable 
in itself, the labour of turning the waggon bodily, as is now so often necessary, will be altogether 
stived. A second advantage is, that in industrial works and feMstories, when this system is adopted, 
the waggons can be loaded with merchandise, by the aid of a windlass, in the manner Fig. 2048, 
without the necessity of providing quays or platforms for the purpose; and by these means 

2049. 




the goods can be conveyed direct to their destination without unloading, thus saving time and 
preventing damage. Again, when it is necessary to convey the stores, baggage, provisions, or guns, 
of an army by rail, the same can be very quickly removed from or placed on the waggons, either at 
a station or at anv other part of the line ; the whole tmin of waggons being loaded or unloaded 
simultaneously, there being no necessity to bring them alongside any quay or platform. 

One great item of loss experienced by railway companies, in connection with the goods traflSc, 
arises from the damage which is sustained by waggon slicets under the general method of employing 
them, and the consequent loss which arises under the head of compensation for damaged goods, the 




enectually preventing the damage of the goods by wet or other causes, is sure to be welcomed by 
the managers of railway goods departments, and to receive a fair trial. 

The principal cause of the undue wear and tear of waggon sheets consists in the manner of their 
employment. With the ordinary flat waggon it is usual to stretch the cover tightly across from side 
to side, and from end to end, the principal tying being done at the comers ; and, therefore, unless 
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tiie goods in the waggon are of each a furm that they give Bappori to the sheet, the latter saga 
towards tlie ceutre from every direction, and in wet weather forms a water tank if the slieet be good, 
or simply directs the water on to the goods if the cloth be bad ; while, if the sheet be good, it is 
soon destroyed by the strain at the oorners due to the weight of the water, or even of the sheet itself. 
Sheets are also frequently damaged in the central parts by their sagging down on to goods of a 
rough character, and are often torn in pulling them over the comers, or off one side of the truck for 
unloadlog. Principally to secure a means of support for the sheets many waggons are made with 
gable ends, a pole being placed from gable to gable over the goods. The waggons, however, in this 
way are made more expensive, while the pole is Tery often not used. 

Walker's waggon sheet protector. Figs. 2051 to 2055, is one of the most idmple and efficient 
that could be devibed. A waggon fitted with this apparatus, Fig. 2051, has one half covered 
with the sheet ; Fig. 2052 shows an end elevation of the waggon covered ; Fig. 2053, the waggon 

2061. ' 




with the supports lowered and the chain placed in the box E provided for that purpose; and 
Figs. 2054 and 2055 show the supports and chain to an enlarged scale. The support C, Fig. 2054, 
consists simply of a bar of flat iron, bent round into a flat link, the upper epd carrying a pin, to which 
the chain A is fastened by one of the long links upon which the wood balls B are threaded. This 
support is held loosely in the staple pieces D, fixed by means of a bolt which passes through it and the 
support ; a second bolt, fitted with a hand nut, being placed below the staple; and by means of thia 
bolt the support is fastened at any desired yertical height. Tb stretch the oham across the waggon. 



2053. 




2053. 
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the support to which the chain is permanently fastened is fixed by the hand screw ; the chain is 
then carried across to the other end of the waggon and hooked to the other support while the latter 
is loose, and capable of canting inwards, as indicated by the dotted portion at the uncovered end of 
Fig. 2051. As soon as the chain is hooked on, the hand screw is tightened up, and the chain thus 
stretched tight The sheet may then be thrown over and fastened. The f btening does not require 
to be so tight aa is usual, as there is no opportunity for the cloth to sag, and as it may move to a 
slight extent, and without injury, by rolling over the wooden balls B. 

Another simple apparatus of the same description is Wards, Figs. 2056 and 2057 ; Fig. 2056 
being a side elevation, and Fig. 2057 an end elevation, of an ordinary goods waggon fitted with thia 
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Appaiatiu, anJ [ti conitruotiaD and mode of nction mil be readily understood tern tlie foIluwlDg 

dsKriptioD. Thia apfMntag oongiata of & uoTel urangement of bowa Tor the purpose of forming a 

tilt, upon whicli the WHggoQ alieet may leat in a doping pMitioQ, the said bowB oei'ig ao consLructed 

M to fold back, ot« or beyond the ends of the reapective tntcke, when not reqairod for tlie pnipoae 

deacribod. Tlie radial arms & of the bowa A' are hinged or piloted at the aide of the AaggOD, 

aa shown at B, the aaid arma being 

i>lbo«ed at D. When these bowa an *"" 

required to support the waggon ahvet, 

they are phusd in poaition aortwa the (l 

waggon, aa shown at A.', Figs. 2056, 

2057; but when the theet ha« been n 

moved, and the whole olMrway of tt_ 

waggon top is required for lottding or 

other purpoace, the aaid bowa, being free 

to rerolTe upon tbo pirota or axea at B, 

Fig. 2056, are turned npon the pivota 

towards the end of the wa^on nntil 

they fall beyond it, aa at C, the bowa 

being auppoited in either position by the 

hoots E. ' 

stock empl . 

Btatee differs considenbly, iu many 

portent points, from that of Engliah and 

of oonlinenlal liues. In the first plaoe 

rigid wheels and axles are soonxly ever employed, the vehiclea, w . „ „ . 

being carried on four or idK-whcelad bogie truoka; the latter being apeoially employed fur beary 

aleepiiig and drawing-room, or as tbey 

are called in tlie States, pnrbnr, cars; 

and it is generally conceded that the 

cart and naggoog so monnted are 

Bleadier and amootber in their running 

than tboae otherwise mounted; and 

this opinion is gaining in Engluid, aa 

bogie carriages hare during the last 

few years largely incraased in iinmber. 

A aecond great difference is in tlie 

internal arruugenietilH of the passenger 

cars; all of these, wbether day or 

aleeping can, being sjranged with a 

OGutral longitudinal pcueage, which 

by means nf the end placroraw, the 

cara being alwaya clooe coupled, afforda 




im 



ingement which is not likely to meet with general 
that aemi-priraAy which has hitherto been enjoyed 
when tiaTelling, and which by a minority is prefened, ereu to the slightly more public saloon 
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caiTia^e. A great disadvantage posaeseed by thU central passage arrangement is, that tlie only 

doors being at the ends, and the only menns of egress being by these doors and the end platforms, 

a passenger on arriving at his destination may have to traverse half the length of the carriage 

before being able to alight Another great difference is in the size of the carriages, the American 

passenger cars being all considerably longer and higher, a passenger car seating from fifty to sixty 

passengers ; and the goods waggons being also 

much larger ; the proportion of dead weight to 

paying load being mudi higher in lioth cases than ^^%'. 

m England. Great advances have, however, been ,y''''''' 

made in this respect during the last few years in ;y' 

the matter of goods waggons, as shown iti the /' 

report lately issued by the Western Weighing 

Association. From this report it appears that 

during six weeks nearly 50,000 cars were weighed, 

and while the average of the different classes of 

freight ranged from 23,750 lb. for machinery to 

29,925 lb. for ore, the maximum in nearly all 

cases exceeded 80,000 lb., and for some classes 

of freight reached, respectively, as high as 

35,000 lb., 37,750 lb., 39,300 lb., 39.600 lb., and 

even, in the case of ore, to (he great weight of 

48,500 lb., or nearly 22 tons. The average weight 

for the whole being about 12 tons a car, as 

against 10 tons, which was the maximum load but 

a few years ago. 

The internal fittings of a first-class American 
car are good, but inexpensive. A lar|;e amount 
of admirably made cabinet work in choice wood is 
generally found, the roof and top side linings being 
of painted amvas stretched on frames ; mirrors are introduced, and at emh end is a lavati»ry 
ana stove ; filters, the water of which is iced in summer, being also provided. The seats am 
generally upholstered in velvet, and each holds two passengers ; these seats are hung on centres, 
and can be turned, so that the contents of the car may be divided into groups of four, sitting 
opposite or all in one din ction. 

Nominallv there are but two claeses on American railways, namely first-class passengers ard 
emigrants; but in reality there are three, as cli-arly, or even more clearly, defined than in 
Europe, and this without taking into account the emigrant trafilc, the accommodation which is 
provided for these latter being of the mobt mengre description, and but banly sufficient to enable 
them to perform their journey, anything like comfort being altogether unthought of. First we 
have the ordinary first-class cats, which are well-appointed, commodious vehicles, in which, how- 
ever, a general absence of proper means of ventilation, together with the continual presence of 
tobacco smoke, combine to produce an atmosphere altogether peculiar to these cars, and rendering 
them, to the majority of travellers, anything but desirable places in which to undertake a long 
journey. Next the so-called ladies' cars, which form practically a separate class, as gentlemen 
unaccompanied by ladies are not admitted to them ; but in these also, although smoking is 
prohibited, the want of proper ventilation, especially in winter, is very much felt The third 
class consists of the special vehicles either belonging to the company, or hauled by them, admission 
to which is gained by payment of an extra fee; the greater number of these special cars being 
owned by the Pullman Palace Cars Company. In these the accommndHtion leaves nothing to 
be desirM^ and though privacy, which is recognised elsewhere as an advantage, does not exibt, 
the traveller enjoys a lofty, roomy, and luxuriously fitted vehicle, whicii travels with the utmost 
smoothness, which is kept cool in summer and is well warmed and ventilated in winter, and in 
which a freedom of personal movement is practicable. Besides the parlour cars and sleeping cars, 
there are othera whicli are fitted up as dining or restaurant cars. 

The rolling stock employed for the goods traffic, in common with the passenger stock, also 
differa considerably, and is of a very varied and, in some cases, special choracter ; the chief features 
of the various types being the end bogie cars, and their great size and weight 

In Figs. 2058 to 2( 61 is illustrated a standard first-class car of the Pennsylvanian Hailroad, 
having accommodation for fifty-four pasaengero. In Fig. 2058 at 1 is a side elevation of the body 
of the car, at 2 a side elevation of the body framing, at 3 a sectional view of the framing, and at 
4 a longitudinal section of the interior of the car ; Fig. 2059 is a half end elevation and half 
cross section of the body ; Fig. 2060 is a half elevation and half section of the end framing ; and 
Fig. 2061 is a part plan of the underframe ; and Fig. 2061* a part plan of the interior of the car. 
This car is carried upon two four-wheeled bogie trucks, whicn are placed 28 ft. 1 in. apart from 
centre to centre. 

The principle dimensions of this car are ; — 

ft. In. 

Length of bottom frame 46 6 

„ „ between shouldere 45 8 

Width of „ „ 9 4f 

Total length over end platforms 51 6 

Length of body inside 45 2} 

Width „ „ 8 6i 

Height inside, to top of side framing 6 9^ 

„ „ to springing of raised portion of roof .. 7 9 
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ft. iiL 

Height intdde, of raised portion of roof 9 6f 

Width „ „ „ at bottom 4 6 

« .t „ « at top 4 2 

Length „ „ „ 41 8f 

Width outside of raised portion of coyer of roof 5 6 

Height of end doors 6 6 

Width „ „ 2 1 

Height of window openings in frame 2 8| 

Width „ ,. „ 1 lOf 

Height from rails to under side of body 3 5i 

Total height above level of rails 13 10| 

Extreme outside width 9 8 

Diameter of wheels 2 9 

Weight of body unloaded about 17 tons 11 cwt. 

„ four-wheeled truck • • . » 2 „ 17^ „ 
Number of passengers carried 54 

The framework of this car consists of a braced structure, in which the sides form an important 
feature. The principal members couBist of two sill timbers A, 8 in. by 5 in., running the whole 
lenp:th of the car, and placed 8 ft. 6i in. apart in the clear ; the end timbers B, the corners of 
which are rounded, being of the same scantling. At each of the four inner comers of this frame 
are fixed cast-iron brackets G, by means of which the longitudinal and transverse sills A B are 
secured together. The principal transverse framing occurs at the points where the cast-iron 
turning plates D are bolted, which take their bearings on the bogie truck ; it is formed of two 
beams, one 7 in. deep and the other 5 in., both being 14 in. wide. The lighter beam passes across 
between the outer sills, the deeper one being placed only between the inner longitudinals E, which 
are parallel with the outer ones, and are 4^ in. wide and 7 in. deep. A pair of straps F, shown in 
Fig. 2061, are stretched over the top of this middle transverse timber, their ends being attached to 
a couple of tie-rods, which pass through the lower transverse beam, and are secured by nuts, the 
ends of the beam being chamfered so as to secure a fair bearing, and washer-plates being intro- 
duced. The space between these transverse frames for the truck bearings is divided into three 
bays, two of 10 ft. 4j in., and a central one of 10 ft. 7h in* Transverse timbers G, 5 in. by 3 in., 
extend across and beneath the outer sills, while above these are lighter stretching pieces H, placed 
between the four inner longitudinal timbers ; tie-rods, which are secured to the outer sills, running 
dose beside these cross beams. In addition to this, a system of horizontal diagonal bracing I is 
introduced, there being five panels of this in the whole length of the car. In addition to the main 
frame there is, at each end, an auxiliary frame K, for carrying the Miller platform. These frames 
consist each of four timbers 5 in. by 3^ or 4 in., which are carried back to the truck beams, and 
project about 2 ft. beyond the main nrame ; and at their outer ends these timbers carry a beam L. 
The total width of this auxiliary platform is 4 ft. 11 in., the middle pair of timbers being 8 in. 
apart in the clear, and the outer ones 1 ft 6 in. distant from the inner. Planking is laid upon 
tnese timbers, from the outer pair of which steps descend leading to and from the car; to the end 
beams are attached the rails forming the platform guard, two standards from which rise to the 
projecting roof of the car, the hand-brake gear being also attached here. The steps on each side 
are three in number, witli 8-in. treads, and lO^in. risers : decreasing from 2 ft. 10 in. wide at the 
bottom, to 2 ft 1 in. at the top, and rest upon cast-iron orackets bolted on the inner side to the 
frame direct, and supported outside by a light bracketed standard, descending from the under side 
of the frame and passing through the bottom step. Bolts a, 1 in. in diameter, pass from the end 
beam to the main timber of the frame, the platform timbers being also bolted through to this beam. 
Besides the railing constituting the platform guard, which is 2 ft. 1 in. high, with an open space 
in the middle of the same width to allow of passing from one oar to another, handrails are 
attached to the ends of the carriage, near each set of steps, to assist passengers in leaving or 
entering. 

The side frames of the car are so built as to add very much to the strength of the structure. At 
a height of 6 ft. 10] in. above the longitudinal sills, and 9 ft. 3} in. apart outside, two timbers 
M, 7 in. by 1^ in., run the whole length of the car. Groups of posts N, two in each group, being 
placed between the longitudinal sill and these upper timbers. These posts are 1} in. square, they are 
placed 10 in. apart, with a clear interval of 1 ft 10^ in. between eacli group, and they are mortised 
mto the sills, and attached to the upper timbers, which ore placed outside them. Tlie windows of 
the car are introduced into the openings of 1 ft. 10} in. between the groups of posts, and each pair of 
the latter are connected and strengthened by light horizontal stretchers placed between, at intervals 
of 7 in. above the main horizontal rail O, which is placed 2 ft. If in. above the sill A. The rail O is 
3 in. by 4 in. und passes outside the groups of posts N, and the space between it and the sill A is 
divided into three parts by two otlier horizontal rails, each 2 in. by 1} in., which pass inside the 
posts and are boltea to them. Between the sill A and the rail O an Intermediate post P is intro- 
duced between each group of posts N, and diagonal bracing rods are employed between the rail and 
the sill to strengthen the structure ; there being twelve of these rods divided into four groups on 
each side of the body, the end pairs forming two groups being placed so as to fall from the rail O 
towards the end of the car, while the other four in each group are directed towards the centre of the 
car. Cast-iron bearing blocks are introduced, both on the top of the rails O, and underneath the 
sills A, for the adiusting nuts of the braces to take their bearings on, posts Q, 4 in. by 1} in., being 
placed between the rail and the sill wherever these braces occur. In addition to these diagonal 
braces, vertical rods B pass from the sill A to the upper timbers M, to which they are fasten^ by 
means of a sole plate and two bolts, there being six of these rods on each side of the car. At a 
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height of 2 ft 9) in. above the nil O, a moalded nil 8, 3) in. deep, mnR boiizanUll; frain end to 
end, ontaide the gronp uf poats, the clear spai^ of 10^ io. bntween this nil and the upper timber M 
being filled In with a ptinel tlie whole length of the oar. The end framing of tha ooi ia Bimilar to 
that of (he aides. 

The floor of the car ia formed of cloee pIiuikiDg 1} in. thick, the ends b^iog fluth with the out- 
ride of the maiD longitudinal ailU, and out ava; where the aide poala interfere. 

The outside of the aides of the bod;, aa htgb aa the moulded run runniDg beneftth the aashea. ia 
olo«e-timbered with J-in. planking, tongoed and grooved; bat in order to break up the flatneaa of 




■0 large a mrface, vertical atrlpa are bid on nt small interrala, and in the centre of the car there 
ia an oval inoloanre for its name and number. The window saahea have elliptical heuda, and are 
•urrounded with monlded raila, the apaora between them, oorreaponding with the gronpa of posta 
N in the frame, being fltled in with sunk panellinga. 

The ronf ia made with a raised portion or " dume " along nesfljr *^^ whole of ita length. This 
dome ia bas^ npou a rectangntar fnme of moulded timber T, 4 fL 10} in. wide by 41 ft 8} in. 
long, the anderaideof whicli ia7 ft. 9 in. above the floor of the car, this frame being anpported bj' a 
aeries of half raftera, curved to tlie futm requin^ for the roof, 2} ia. bj 1 } in., and placed 1 ft. 4| in. 
apart, with the exception that at aix points in the length of the car these raflen are phiced in pain 



cloee togetlier ; the enter ends of these raftun resting on the longitndioMl timhera M, and their 
upper enda morliaed into the haae of the dome. The sides of the dome are I ft 3} in. high, formed 
of two moulded timbers, the lower one 2 in. b; 1^ in., and the nppei one 5} in. bj I^ in. ; these 
are plaivd 71 in. apart, and are oonnectad at intervals by vertical posts, BO aa to leave rectangular 
opeuinga 2 f t. B in. by 7i in. down thu whole length of the car. these openings being filled !□ with 
glazed BWinging Bushes, which act as ventilatora. Into the timbers funning the upper part of t)ie 
aides of the dome, the raflGrs of tlie latter are lialveil ; these are of the same acaollinz aa the half 
rafters below, and are ap;ice<l I ft. 4} in. apart, excepting thnt six pairs are placed close together. 
The roof oovi^ring from the sides of the car to the basa of the dome is of tinned aheets, and timber 
I in. thick, toiigued and grooved, and finished with a alightiv projecting nosing, which constitutea 
the widest part of the car. The roof covering of the top of the dome iaslsn} in. thick; it projeota 
about 9 in. beyond the sidea of the dome, and ia alao fliiished with a nosing, a cUise boarding 
rnnoing underneath from thia nosing to the aide of the dome fur the whole length of the car. Tli« 
roof fit each und of tlie car ia flniahed as in Fig. 205S, the domes being extended in width eqnid 
to that of the car, and broaght forward to ovt rhang the end platforma 

The internal finishing of the vehicle is shown by the longitudinal aection at 4, Fig. 2056. From 
the floor luvel to a height of 1 1 in., a plinth of yellow pine a, 2} in. thick, is employed, and above 
this a lining of ash b is need, extondlng nearly to the level of the aaahea ; the bottom line of these 
being marked by a projecting moulding of clierty. The mouldings around the windows are of ash, 
with intermediate )ianela of maple, the »hole of the lining np to the level of the roof being alao of 

maple, ond the base of the dome covered with a moulding o' "■ — -■ ■- ■ ■ • 

relieved with cherry, forma the chief lining material of tl 
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painted amraa, rtrelchHl on sDilnble franiei, and nailed up in plnoe, Thfl window saahea are 

S lazed, and can be liftod up and down, a spring atop being employed to arrest the Meb at any 
eairei) point ; tbere biing, in addition to tlie glass, a eeoond aaiib filled witb light louTie bnttrdi for 
use in gninmer. Tlio seats are anangKd tranavereelj on each aido of the car, no as to leave a oentnJ 
pasan^ down it for circnlation. The frames of the seats are of iron, and swing npou cenlrts, so 
thut tbe teats can be arranged fnr pasM-ngers to sit in group* of four, m-a-nj, or all in tbe 
same direclioD. The covering of the seats is red or green veivel. 

At one end of tbe car a water-closet W, arranged as in the plan, F^- 2061, is introdared. . 
These cars ore lighted by gas contained in rrserroirB under the frame, three ot more lamps 

irt, 

„ : Fig.206* 

; and Fig. 2Cl(i2 a half plan of npper tide of framing. 

Tbit truck consists of a DiBin timber frame, 10 ft. long, aitd 7 ft. I j in. wide oataide ; the side 
frames belnK 9 in. deep in tlie miildle bj Tg in. at the ends, and 4^ in. (hick ; and the end timbers 
4J in. by 61 in. The side timbers H art.- G tl. 7} in. apart outside, and the end timbers N are 
secured into lliem for their full depth, 

the Dnder side being flush. Eleven ' 

Inches within the side frames, inner 
timbers 3 in. by 5} in. aro stretched 
froiu the ends to ttie centre framing 
O, which carries tbe car centre A ; 
Uiis centre framing oonststing of two 
transverse boains 4J in. by 9 in., which 
are mortised into the Inngiludinal 
timbers M, and are pluoed 12} in. apart 
in the clear ; a oantral beam R, 12 in. 
by 8 in., which stops ehort of tbe aidu 
timlien M by 2} in. on each side, aud 
which is BO placed that its upper 

surface rises above the level of the frame, being placed between the timbers O. On each side of 
the timbers O are plaocd two tniM rods, 1 in. in diameter, passinsr through the side frames and 
tecured by nuts, nhllo in the middle they are strained under a saddle plate which passes beneath 
the central part of tlie framing, and is bolted to the timbers by two J-in, bolts ; a couple of light 
straps, 2} in. wido, also pass ovi-r the central transverse beam B, and are balled to the two outer 
timbers O. Tbe oeatral beam B is carried by the arrangeineiit of springs B, tbere being three pairs 
of tliMO springs on each side oF the truck. Saob of tbe springs S is built up of six leaves 8 in. 
wide and oolleetively 2 in. thioh, the length being 36 in., and the distance hetween the top and 
bottom springs in each pair i in. at tlic centre. The clips of the upper Bprin;n take their bearing* 
on a cast-iron plate, which is received into tbe under side of a pocking strip a, Tig,200i, 12 in. long. 
by 121 iU'i and 2 in. thick, bolted to the bottom of the central beam ; and similarly tbo clips of 
the lower spring rest on a second cast-iron plate supported by the beam 6, 5 fL 5} in. by 12} in. 
by 2) in. Undcrneatli tbia bar and 4 ft. 6} in. apart are placed two caat-iron bratjcets c,lhn)UKli 
wbiuli passes a bolt 1} in. in diameter ; the lenp^th of this bracket is 14} in., and the bolt d projects 
at each end sulIicieDtly lo receive a link i, 2} in. wide and 7 in, long; a pin 1} in. in diameter 
passing through the npper end of this link and Ihrough a strap slung over tbe transverse timber 
in the oentre of (he truck ; these straps being eaab boltud to tbe timbers bj two f-ia. bolts. Two 
iiglit wrought-iiou arresting straps /, bolted to the under side of the &ame, are placed to support 
the swing portion of the frame in case of fracture. 

The cast-iron pedestals P, are plaoed 6 ft. apart from centre to cenire. Over the centre of tbe 
journal, which is 7 in. long, is a recess in the top of tbo axle box 2} iu. wide^ whicii forma the 
bearing fur the bent bar B, which osrrim Ihe rubber side springs 8' ; these bars are 2 in. thick, and 
S} in. deep in the centre, and the ends are curved upwanis as shown, where tliey pass behind the 
pedestals to take their bearings. The springs S' are placed 2 ft, S in. apart freni centre to centre ; 
they are formed of blocks of solid indiambber 8 in, in diameter and 7 in, deep, placed in top and 
bottom sockets g, h. A flat bar /, 3} in. by } in. extends from pedestal lo pedestal, the ends being 
turned up BO as to catch on the outer side of each peiieDtal, to which the bar is bolted ; while at a 
distance of 2 ft. 2J in. from the centre of each axle, a transverse rol nt passes acruas ^e tmck. 
connectiDc the bars ': the bnra m are 1 in. in diameter, and are made with a palm at each end. 
which embraces the flat lie-bar between the pedestals, the connection being made with a bolt «■ 

The aide frames are strengthened by the addition of bars I in. square, the bottom inner corner 
of the frame being cut out lo receive them ; these bara are secured by nuts at the end of the frame, 
and are plaoed horizontally for a distance of 6 ft., corrcspnnrlfng to tbe distance apart of the 
pislcstai casting. At each end of the boLiler R, and on the upper side, is bolted a costing k ; these 
castings funning bearings for the body of Ihe car. The cast-iron plate A, is that on which tbe 
tmck turns when mnning ; it is 2 ft. 5} iu, long, and is fonntid of a disc 17 in. in diameter, with 
annular channels, and two projecting laps, witb a J-iii. bole in each, throngh wbicli passes a bolt 
holding tbe plate upon tbe bolster; in the centre is a circular hole, and a correspondiug opening it 
in the bolster through which the bolt passes connecting the plate on the carriage, D, Fig. 205S, to 
Ihs truck. 

The aile guard is mode of }-in, plates 3 in. wide, and is bolted to the frame limber by two {•in. 
bolts at the ends, and two iimer bnlts of the same diameter passing through csst'iroii distance piecea 
as ahown. One side of the lower part of each of these axle guards is turned over In form a brocket, 
through wbieb passes the rod n, and aiouud this rod is roikd a sjiiral spring, which presses againat 
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the break lever L. The brake rif^ging is cli-orlf Bbowii in Ibe tlmwinga ; — Two light platc-iroD 
BaurclB are bolteil to the end timben, and protect the floating boi F ; lo tbe Inller are bolted tlie 
brake blocks and. tbe forkid ban P, wliich ate pinned to tbe lovers L, these levers being different 
for the two endi uf tbe track, as will be seen in Pig. 2062. The upper end of tlie lever slides in a 
wrougbt-iron fjaide r boltwl to the timber, and tliat of the opposite lever passes through Ibe loop >, 
which is drilled with a serii-s of holes, Ihrougb either of which a pio can be passed to regulate the 
positioQ of tbe levtir, both levers iK-iiig connected bj a bar. to that (be brake power delivereil on 
one ia tnmsmitted to the other end of tlie trnei. Tlie floating brake bar P, with the brake blocks, 
, is suspended to a rectangular liok c. { in. in diameter, tbe lower side of which paa^ea through the 
block atlHchntent, and the upper part tbrougb a bracket which is bolted lo tbe under aide of the end 
framing timber. 

Fig. 2065 is a hair side eleratian. and Fig. 2066 an end ebvatkia of a standard ileepinz 
car, fitted with twenty-foDr double berths ; a double berth being almost inviiriably allotted to each 
pnssoDger. Tbe construction of the hottom framing of this our, and of the budf is siinitnr to 




ir above deeoribed, tbe internal arrangements and fittings buing mainly like tlioee 
of the Pullman sleejung cnr, though perhaps nut quite so elaborate. This type of car is carried on 
tvro sii-wbeeled bogie tmc^ ; and ita principal dimoDsions are ; — 

Length of bottom frame ."iS 

Total length over bujfers 61 8 

Distance between centres of bogies 44 D 

Whiiel boKu of each bogie 9 

Diameter of wheels 2 II 

Width of bod J inside 10 

., over oil 10 II 

Height inside, at centre 9 11 

„ above level of rails, of under aide of body 3 6 

Total height above level of rails 13 10 

Avtrsge weight of a cur unloaded 25 lo 26 kins. 

Weight of six- wheeled bogie tnick 4 Ions 5j cnt. 

Fig. 2067 is n side elevation. Fig. 2068 a longitndinal seclion, Fig. 2069 u balf end elevation 
and half cross section. Fig, 2070 a longitudinal section through centre of bolster boily, and 
Fig. 2071 bair plan of the six-wheeled bot;ie trucka on wliioli tlicso csr> are carried. 

Tbo total length of this truck ia 13 ft., and its ouUiile width 7 ft. Ij in. ; the main side frames 
are 9} in. by 4} In , a>id the end timbers 1| in. by 51 in. The pedestils P, are of the sume patU-ra 



aa those in the four-wheeled tmcb, and they a 

S| in. by i in, thick; these bars being tied t..^ _. , , ., . _ 

diameter. From the outside pedestals to the end frame, strut* K, 1} in. in diameter, and with sole 

Slates at each end, complete the bracing of tbe frame. Iron beams 0, 2 in. tliiek and 3} in. deep in 
le widest part, take their bearings on the axle boxes ; and between the npper edge of Iheee and the 
oniler side of the ride fratne, sre interpoeed indlwmbbar bhick springs U, resting in sockels. The 
•rraiigoment of bolster Ihuno is as follows ; — Traneverso timbers D, SJ in. by 9 in. and 4 ft. 10 in. 
apart in the clcnr, spnn tlie distance between the main side timbers A, in tbi; middle of their 
length, and pnraltel lo them and I0| in. iliatant Crom Ibem, longitudinal timbers C, 3j in. by 9} in., 
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pBu from the trangvene beam D, to thn end timber B. Betveen D the bolster fnune b plaoed. 
This consuta of two timbers E. 7| io. b; 8 in., and two F, 6 in. hj 7 In., conneclid together to form 
• redaDgnlar trtme, mtaiating 4 11. 2 io. b; 4 fL 9| in. On the top of this are plaoed the timbers 
0, 3 io. thick, sad in the oentre two others, J. The fnima ia tied in longitudinallj b; two j-in. 



bolta T, and tnined hj rods Z, of tlie same sice, taking their centre bearing on plate Z', and bolted 
ap sgainet the plate ¥ on the top of the frame. Strengthening bars R aro iGcesaed into the lop 
■ides of the frame, and are bent to the form shown, as the centre of tho bolater frame rises in the 
centre to receiTS the cast-iron centre plate Q ; the whole being covered with light slieet iron. Two 



horizontal transTSrse tie-rods T' are also intmdnced. The centre plate Q is 16( io. in diameter, 
and corresponds with that for the foar-whecled truck previonslj deerribed ; anil it li eecnred by tlie 
bolts wbich pass through the framing and the plale Z' already mentioned. The bolster frame is 
carried upon fonr pain of springs V. arranged in couplrs ; theee springs being bnilt np uf seven 
plates e.ich. The clips bear apon cast-imn plalcs at top and bottom, the former belog bolted 
to the timber E and the latter to the beam I; the mnnner of suspension buing as follows; — 
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On one Bidfl a bracket W pesae* 
around the timber D, and ii bolted 
thereto b^ two |-ia. bolta, and on the 
otiier tbe bar W U bolted to the side 
timbers A, and Btretphes between tlicm 
the nhole width of the track. The 
linhl R, S m. between centres of pins, 
are attached reapectively lo Ibe bravket 
W and tbe bar W, and below to the 
oaaling B', through wliich a IJ-in. pin 
pewee nnd retains the whole in po«i- 
tion. The onder side oF tlie brarketa 
R' ia cnt &wa> to allow for clearing the 
tie M, which is placed close beneath 
them: the timber I ii 7} in. hj2i in. 
Guard brackets E' are proTided, as 
well as axle guards A and A', a bar B* 
passing transverDel; between each out- 
side pair of axle guards ; that on the 
right-hand end of the tmok having 
attached to it in the centre a spring 
plate C'l which l>«ara against rubbing 
plates in the floating brake beam D, 
utd replsoes Ibe spiral springs em- 

?lo;ed in the four-wheeled tmclc 
'lie eje-bolt E' pawes through the 
floating beam, whirh is protected under- 
neath by BD iron plate, and to It is at- 
tached the brake hnk P, the forked end 
of which at the opposite extremitj' of 
the track is connected to the lerer G', 
attached to the Seating beam by the 
forked bui H', and moving at its upper 
end in the guide I'. 

A standard box car, or covered 

Kids waggon, of the PeDoaylvaniaa 
ilway is illustrated is Figs. 2072 to 
2074, iHg. 2072 being a half side elevk- 
tion and half longitudinal section ; 
Fie. 2073 a half cross section and half 
end elevation ; and Fig. 2074 a quarter 
plan of bottom framing and a quarter 
sectional plan of bodjr. 

The prinoipal dunensloiu of thij 
waggon are i— 

Length of bottom fhune .. .. 29 101 

end sills 

Length of stringen 

„ end sills 

„ platform plsnk 

Width of bottom fmme ., ..8 
Height of under side of fisme 

above level of rails . . . . 3 2} 

Totalheightabovelevelofnils II 3| 

Length of body, ontaide .. .. 28 

. „ iuside .. .. 27 5} 

„ running board of roof 28 4} 

Width of body, outside .. .. 8 l| 

„ „ iiuide .. 7 5{ 

Widlhoverall 8 9 

Height inside at sides .. .. 5 10} 

„ „ centre .. ..6 8 

Width of door 5 fi 

Height , 6 2} 

Diameter of wheels 2 9 

Wheel bMC of each bogie .. 4 10 
Distance apart of centres of 

bogies 20 4| 

Weight of oar, about .. ., 8 19 
,, each bogie 4 1} 

Capaaty. — General mcrchaudise 7 2) 

Flour 9 13 

Urain 9tol0{tonit. 



I 
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The bottom fVame of this mggon oonairtH of «Ix loDKilndiiutl lillB, the outer onee A 4 in. by 
8 in^ and tha imiei ones B 3 in. by 8 io. ; the end silU being 6 in. by 9 in. Croet timben tnuaed 
in tbe oidinary way are placed over the trucks, similai to the frame of the Bnl-daH cairiam pre- 
vionily deaoribed, and two intermediate eilU 0, S} in. by b in., are placed under the longiludinala ; 
additional framing timbers being iDtrodoced between the end ailla and the tramrene fmning over 
the tmcks, and to this frame the oouplicig 

and cential buffer are attached. Two ma. 

tniBB Toda T ran from end to end of tho 
frame, paosing through the end ailla over 
tbe orow Lea^ above the trucks, and be- 
neath btocka attached to the under side of 
the intennediate ailla 0. , 

Tbe body la framed at the tbor eoraeta 
bj poata Si in. by 11 in., S (l apart and 6 ft. 
8 in. in length, and at abort intervals by 
intermediatea I, 2} In. by 3 in. ; diagouu 
braoea are placed between these poets, and 
are oiunea at the bottom into the tongi- 
tudioal timben A, and at the top in ' ~ 



opper alll S, tbeee braoea being of the se 
■UW aa the poati, ttanMly, 21 in. by 3 
At the aide of eaeh vertical post I a rod 



D diameter puses from the Kxif sill B 
Co the longitudinal timbera A, and hori* 
KtQtal tie-rods are also employed to tie 
these poats together at intervals under the 
roof. On tbe top uf the posts I a dlt 8, 
2} in. by S in., is framed, and to this the 
■ideplanking is eeoared. 

TJiB flooring of the car la of l)-in, 
planking, tongued and grooved, and laid 
Orel tbe ftamu beyond the body at each 
end. For a height of 2 fL lOJ in. above 
the floor line, the aidea of the car are mai 

a' loed one Ihickneaa outside and one iniiidH the poata : the onter planliiiig on the sides of the body 
ling outside tike main longitudinal sills. At Ihe lieight of 2 ft. 10^ in. Hbove the floor a moulding 
mna round the Iniide of Uie body of the cor ; and above tbis level thu body is formed with a single 
boarding, that i^ the planking outside the poets only ia extended to tho roof. 

Tbe main roof timbers or corlines are framed into the roof sill S, one at each end and one in 
the middle. At intervals of about 1 ft. 9 in., light rafters, 2} iu. Bquare,are fiamed, and tbeae 




carry two purlins and a ridge piece, upon which tha roof planking, { in. thick, is laid, A weather 
atri^W, 4| in. derp,rtins along ontside the lonf sills J and a head lining is also intnidnced. 



. V upon 

_. ... .. g outside the roof sill S . . „ 

In each aide of the body is tonned an opening, S ft. 4 in. long and 6 fL in height, these opening* 
being closed by sliding doors D, { io. thick, running in guides which are bolted lo the longiiadioal 
timbera A, and to the roof sills B. 



Of the style <^ bogie tmck, «L]!ed a diamond tmck, and which is generally adopted for all kinds 
s. Fig. 2D78 is a half side elevation and half longitadinal section ; Fig. 2079 a half 
end elevation and half cross seclion ; and Pig. 2080 a half plan partly ir 
--""- 2 ft. 9'- ^- ■ ■ • 



of freight oars. Fig. i 
nd elevation and hal. .. . _. 

The wherU W ore of chilled caat-ir 



If longitadinal section ; Fig. 2079 a half 
plan partly in section. 
in diameter, and are monnled on wrought-ii 
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Bilea 4( in. in diameter; tliu bearini^ in the wheel aeeta beinf; 4 in. in diameter and 6\ in. long, 

and tbe jonrnalB i in. in diameter and 7 in. long. The wliecis ate plared 4 ft. 10 in. apart, ai^ 
are ooiinectrd b; outside rmming. vrhich couEieti of a lioriiontol hot A pasaiUK betveen tlie axle 
boxes and flitiiig into recesses on theit lover aidi'B. Od the top of the oilo boxm, and ^tened by 
throucb bolts, are the ends of plates T, 1 in. thick, irliich divert towaidi the middle uf the track 
until tliay are 16 in. apnrt, vhen they agBin becume hnriziintAl, and rest, tbe luvor membt^r on the 
bar A, and tlie upppr on the end oF the bolster B; through bulls which pass inside cast-iroD 
dialnnce pieces securing the structure together. The upper bolster B couaiats or odc limber 
10 In. by S Id., reduced at the ends for a diatancs or 10 in. to allow the upper bar of thu side 
frame T to pass over it: this beam B is trasaifd as shonn iu the cross section. Fig. 2079, the 
truss rods pasaijig Into tlie centre under a wooden pocking and cast-iron aiuldle. The lower 
bolster C is 6 in. by 10 in., and 7 ft. 'i in. long, and is trusse.T similnrty to the upper one, but with 
only one end rod. To both bolsten tlie bmke rigging is atbiched. the fliiating tieaios being hung 
to the upper one. The springd are ordinary leaf springs 2 ft. 9 in. loug, and are built up or aeTen 
plates ) in. thick, and ^pcrcd off to ^ in. nt the ends; the ptatfs are parallel thraugliont, and 
3 in. wide, the overlap of each leai^ except the top one, is 2) in., that of tlie latter at each end 
being li in. 




A standard drop-bottom gondola ear, or open gooda waggon of tbe Pennsylmnia Bailway is 
shown in Figs. 2075, 2076, and 2081. Fig. 2075 ia a half side eleTation and half longitudinal 
aectioDi Fig. 2077 an end elevation ; Fig. 20S1 a eroaa aectioo, half through tbe nppertnroing plates, 
and half through the oentre bottom door ; and Fig. 2076 a half plan of car and half pUu of bottom 
framing. 

The principal dimeiuioni of this car ate ;— 

ft. In. 

Length of bottom tame 31 1 

„ ioMde end sills 32 

„ overall 34 3 

„ of sides of body SI 7* 

„ of body, outside 31 l\ 

„ „ Inside 30 gj 

Depth „ outside 1 7| 

„ H inside 16 

Width „ „ 7 6i 

„ „ outside 8 

„ overall 8 6| 

Bottom door, length 5 6 

„ width 4 

Distance apart of oeotres of bogie trucks 22 6 

Weight of car, empty 9 to 9.} tons. 

,. each bogio 4lonsI}cwt. 

Maximum Inud 10 to 12 tous. 
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The bottom frame oonsUts or flvo longltudiDaltimberB,tlietwoontetoneBAbeing4 in. by 10 in., 
the middlti limber B 6 in. by 9 in., and the intcrmediBte pair C 3 in. b; 9 in. ; tliese are connected, 
by end eilU D, 6 Tt. 2{ in. long. uidS in. by 9 in. in tlie middle, redacod toward* the ends as ibown 
in tbe plan, Fig, 2D7ti. At 5 ft. 3) in. ^m the outer r&re of tba lilla is tbe croM lyatniog £, 
carryiog tlio qppei turning platea P ; tbia ootiaiata of a aill G in. by 14 in., framed tinder tlie loDgi- 
tndinala, and liolted to tbcm, aide pieces F, 9J in. by 8 in., being bolted on esob aide of tbe central 
longitudinal B. and extending for a (Itatnnce of 2 ft. from tbe centre pin of the truck to the end of 
the frame, and outaide tlieee aide pieoea are t«o blockB /, 4 in. by 14 in. Passing over tbe central 
longitudinal side piocea and blocks are two alrapa a, )0 in. apart from centre to centre, and Si in. 
wide, bolted down as sliown, tbe ends of tbe^ alnps being ntbiobed to tiusa roda, which peaa 
through boles made io the cross sill B, and are secnred by Data at the outer ends ; the crosa aill E 
being also hoi ted lo tbe longitudinals C by ^-in. bolts 6, At a distance of 7 ft. 11 in. from the crosa 
■ill £ are two other transverse timbers G, 4 in. by 6 in., bolted to tbe main silla, and passing under- 
neath tliem ; and to these timbers are attached tlie drop doors H, in the Imttom of the car. A tio< 
rod c, i in. in diameter, paaaea transTcmely through tlie frame otit the croas sills Q, and two tongi- 
todinnl tie-roda d, 1 in. in diameter, extend from end to end of the frame ; tbeee latter roda i/, which 
are placed just oulaide each of the intfrmediate longitadinal timbere Care bolted lo tbe end tills D, 
pnsaing thniugb tbem about the middle of their depth, tlien orer blocks resting on the eroaa 
timbers E, and thence ondemeatH the frame, wl ere they bear lu caat-iroa sockets boiled to the 
middle cross-sills G. Tbe brake wheel I is placed at the end of the frame. 

The bo^e tructcs are of the type already described, in connection with tbe covered gooda 
waggon, Figa. 2072 and following; and are ehown lather more in detail in Figs. 2080a to 
2080«. 

To tbe face oF the outer longitudinal tLml>eta A, at inlerrals varyinc from 2 fL 7 in. to 3 ft. 7 in. 
are secnred sockets e, by meana of staple bolts passing round tlie middle of tbe socket, and held bj 
nuta on the inner side of the sill; vertical posts K, 3 in, b; 3) in,, are placed in these sockets, some 
of them extending only to the top of the aides of the car. and others atmut 3 ft. longer, the former 
being fastened to the aidea by three holla, aa aliown, and the latter slotted, so tliat their tieighta oaa 
be adjlnated, and tliey are fixed by a bolt i passing tlirough the slot, and a nut and washer plate, 
Tbe sidea of the car, 2J in. thick, besides twins connected with the frame liy means of the aide 
posts K, are aeonred by straps L, 2 in, wide and |-in. thick on the inner face of tlio side, the lower 
part of Ibis attap being fonned with a J-in. bolt wlibh naasea throngb tlie frame, and tbe upper end 
turned over and recessed ialo the top of tlie side. Eight bnlts, | in, in dinmeter, also pass through 
each side aud fmme. The comers of the body are protected by angle plates, and the top by a Oat 
plate secured by bolts. The floor of tbe car is 1} in, thick ; it is touted and grooved, and ia laid 
on the main sills of tbe frame, projecting slightly beyond the outer timbvra. 

The drop l>ottom is placed in the middle of the car, and forms a kind of well, 8 in. lower than 
tbe Q(«r of the car, and is closed by doors wbicb abut against tlie under aide of the longitudinals 0,' 
the central longitudinal B running throngb tbe well ; ue ends of tbe well being formed of timbers 
4 in, thick, tenoned into the longitudinals BO. Tbe planking of the bottomdoor ia 2 in. thick, and 




the hinges, wbicb are l>olted to Ihetraoaverseaillaof tbe frame, extend to theends of the doors; the 
doora are raised and lowered by means of the shaft B, running aeroes tbe car, and carrying a ratchet 
wheel at one end. 

In Figs. 2082 to 2084 ia abown tbe standard hopper-Iiotlom gondola car of tbe Penngylrania 
Bailway, this l>eing the type of waggon which ia generally employed for the couvcyaoce of coal 
and other similar material which can readily and convenienlly be discharged from the Ixittom of 
tbe car. Fig. 20B2 is a half side elevation and half longitudinal sei'lion ; Fig. 208:-! a cross section, 
balf Ihrougli the croas framing over track, and half through the .qflAre of liopper bottom ; and 
Fig. 2084 a balf phiii, showing part of the bottom fnimlDg. 
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The EoineiiMl dimennoDB of tbU car an ; — 

ft. In. 

Length of bottom f^me 26 

- ioiido eod aitla 84 8 

„ ovaiall 27 2 

ofbodf outiJde 21 



; 


iiudde 




iiuide 


idth 


onttide 



, iDdda 7 6J 

„ owrall 8 9 

Length of hopper bottom, Kt (op 12 

„ at bottom 2 7) 



WiHth 

LeuEth of door iu hwper bottom 2 10 

Width „ „ SO 

DUtaDoe apart of o«nb«e of bogie tmdta 15 6 

Weight, nnbaded, about 9 toiu. 

„ of each bog^ie truoh i „ liewL 

ATBtsgeload 16 n 

The bottom Gramiog of thie oar oon^U of ai: 
rhjch A, B are eeoh i in. bj 10 in^ the iotem , „ . . . 

timbers L being 9 in. deep and 8 in. wide in the middle, and Upend aa ahoim. The oi 
over the troob ooniiiti of a timber D, H in. by B in. in the 
centre, and underneath a aecond timber E, 14 in. by € in., 
extending between the outer frames ; the whole being trnsged 
nmilarto the drop-bottom ceTaboTe dracribed. A ctoaa beam 
F, 4 in. bj S in., la alao introdncod immediattlj below the 
oommenoement of the inclined portion of the door. The 
nDderfmmes at the eude of the car, to which are attached 
the central buffer, which ii also the draw-bar, oonsigt of two 
tinibraa G, placed nncler the oentrul pair of maia longitudinal 
timben B, in the eame manner as in the drop-bottom oar 
above deaeribed ; and two bnmpere H, of cast iron, 2 ft. 6 in. 
apart, are pisoed on eaoh eud of the end ailla L. Two rods I, 
I in, in diameter, are introduced at each end, extending from tlie boffer beam to the eroea Umber 
kt the commenoement of the incline, and traoaTeree rode i are alao introduoed. 

Along the outside longitudinal timbera A, cait-iron eooketa a are boiled at Interrala of * ft and 
8 ft- 6 in., to carrj pnete P, which extend to the top of tha oar. and to which the ride timbers ai« 
bolted in the manner shown, theee iide and end timbers being 21 in. thict, and two ot them form 
the depth of the body. The sides and ends ot the body are strengthened and held together on the 
loaide by iron itrapa fr, 2 in. wide by i In. thick, nmning from the floor verticallj tu the top of the 




body, there being fbor of tbeee atrepe on each side and two at each end of the oar, ea«h fattened 
to the timliers by fooi f-in. bolts placed 6 in. enirt Besides theee etrapa b, there are three ioua' 
and outer straps c,o' at each angle of the ear, which an also bolted through as iliown ; and the top 
of the body is protected by a Oat hai niniiing all toaod, and fostenca to the timben by coach 

III the centre of ita lenglh, the bottom of the car is plaend 2 ft. 1 in. below the main Ooor leret, 
and this hopper is closed by two doors, the floor of the car being connected with these doon by an 
incline on nil Four sides, the length of the opening on the floor level being 12 ft. and tlie width 
7 ft. 6^ in. The incliufd portion of the bolbim is of 1 j-io. timbera. held togitlier by two atrapo, 
y in. by i in., running along it on each aide, in the mi lille of the k-ngth of the incline, and at uie 
bottom, ai shown. At the bottom of each portion are bolted the liinges by whieh the doota an 
attached, these doort being each of them 1 ft 5 in. wide, and when cloeed they are held in a bori- 
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■onLd podtton b; i 

ninning «oroaa ihe , , ^ 

anotbet wlieel, vhich is moved bjaleTei: from the oulsiite or the 0)_. 

A oattls ou of tha PeDmylTania Bailway, 0OD>tracl«d (o carry two tiers oT sheep oi 




BlioaninFiga. 20S5 to 2088. Fig. 2085 is a hnlf aide elevatioD sod h&iriongitudinal lection; Fig. 
2086 an end elevation ; Fi|;. 2087 a cross sectioD ; and Fig. 20S8 a half plan of botlaro framing, a 
qaartcT plan of ruof timbets, and a quarter plan of inttniar of oar. 
Tlie principal dimensions or tlii^ ear are as fi^ows : — 

Length over all 31 oj 

„ of bottom ftame 29 I0{ 

„ of body 28 

Widthoverall 9 6 

„ of bottoiD teuno 9 2| 

„ ofbody 9 

Totnl heiKbt above level of rails 1110} 

Height of bodv at Bidee 6 B 

„ to under side of middle floor 3 2 

Distiaoce between centres of bugie trucks 19 7| 

„ ^m end of &ame to centre of bogie truck S ij 

Wlieel base of eeoh bogie 4 10 

Tlie bottom frame of ibis oar consisCa of eight longitmlinal timbers A, arranged as shown in tha 
plan, and connected at their ends Eo the oruss sill fi. The dimensions of theie timbers, together 
with the system of bracing lulopted, as also the croea frames over the tracks for carrying tlie upper 
tumiuK plates, are ell very similar to, or identical with, those already described for R«igbt can. 
The sides and ends of this car cousist of a trussed framing with open boarding, having a door D in 
the centre of the length of each side ; and tlie upper floor is carried on cioss timbers sappotted in 
cast-iron brackets whiob are fixed to tlie side posts. 

Tbe weight of this cm is shout 8) tone, and its load nbout 8 Ions wheu carrying pigs, or 74(ons 
when loBiied nitli sheep; when constructed with a single floor tlie load is, callle 7i tons, pigs 
Sj tons, and sheep about 4 tons. 

Figs. 2089 to 2092 aie of n tank cat which is <ued for the conreyanoe of petroleum in bulk : 
the external appearanoe of this tank being similar to an ordinary cylindrical boiler. Fig. 2089 is 
a half side elevation and half longitudinsl section ; Fig. 2090 an end elevation ; Pig. 2091 a croM 
section ; and Fig. 2092 a lialf plan of tank and half plan of bottom framing. 

Tbe oil is pumped into the tank through the dome D,nnd discharged through on opening in the 
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bottom of the tank ; the said opening being doeed by a valve V, which is placed in a snitable 
Beating, and is operated by means of the rod A. 

The principal dimensions of this car are ; — 

ft. In. 

Length of bottom frame 28 10 

„ „ „ inside end sills .. .. 27 3 

„ of end sills 8 7 

„ overall 29 10 

Width over longitudinals B 4 10 

Height of handrail above running board .. .. 2 8 

Width of cast-iron brackets 4 

Length „ 2 3 

Depth „ '„ lOJ 

Diameter of tank 5 i\ 

Length ^ 25 3 

Diameter of dome 3 3 

Height from bottom of tank to top of dome 8 1 

Total height above level of rails 12 6 

Distance apart of centres of bogie trucks . . . . 19 3 

The bottom framing of this car consists of two longitudinal timbers L which are connected by 
the end sills S, and are further streuKthened by the cross timbers G and tie-rods T. To the outer 
sides of the longitudinals L are bolted the cast-iron brackets B, which support the platform P 
surrounding the tank and also carry the handrail B, the outer ends of the brackets B being 

2089. 




2090. 



2091. 





supported by the bar or tie-rod A, which is bolted through the end sills 8. The tank is connected 
to the bottom frame by means of wrought-iron straps D which pass round it ; the ends of the mid 
straps being formed as screws, and passing through the longitudinal timbers L, are secured by nuts 
and washers. 

The capacity of the tank, not including the dome, is about 3570 gallons. 

Fig. 2093 is a half side elevation and half longitudinal section ; Fig. 2094 a half plan of platform 
and half plan of bottom framing ; Fig. 2095 a plan of bogie car ; Fig. 2096 a half side elevation 
and half lougitudinal section of ditto; and Fig. 2097 is a cross section, half through tJie main 
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track T, and 1i»ir tliroaff)) one of the trarka T" ot w, lixtcen-whod gun truck of the PHUDBjlTftuia 
Bailwsf. The priuoipal dimeniions of tliU trnek are u follows ; — 

Leogib of bottom frame 31 10 

„ iMide end ailli 30 2 

„ overoll 113 

„ ofeudsillB 9 U 

DiataDce between oeutrea of bogies T 17 

Wbeel base of eooli bngie T 11 !l 

DUttinrc bt'tween ceutreg oF bogies T' .... 7 2 

WhMl bnce of eacb bogie 1" 4 1 

Total wheel base 28 3 

Tlie bottom fnune of this truck oonsists of two outside timbers A, ewh 17 in. deep bj 6 in. wide, 
the depth being reduced to alxmt 12 in. iit the ends; four central timbera B arranged in puira, 
each 6 in. b; 5 in. : and two intermediate timbers G, each 6 in. by 4 in. ; the cross iraming con- 
HistinK of a central timber D, B in. bj 10 in., and over the (wntro of eai:li bogie truck two timbers 
£, each 5 in. by 10 iti., and placed 10 in. apoit, the frame being streDgtbeued at these putt by 




the bracing ihown in Fig. 2097 ; and the whole fiame Is further streu^heued and bonnd together 
by the longitudinal trussing (, and cross tie-roda 1'. Tlie frame is Isid over with 8-in. close 
planking, and on lop of this are two side Blrips F, 6 in. by 6 in., and two centre blocks O, 
6 in. bjr 12 in. 

This truck is carried on two eight-wheeled bogies. Figs. 299.1 to 2097, each fomposed of two of 
the Ibur-wht^led waggiin Imcka previously described, Figs. 20SOa to 20ii0a ; these two Uucks each 




^._S^y I V J \^Z.Js.^ .v_. 



bear on the ends of a eompenf sting frame, wliicli is formed of two side plates H, placed 3 ft. 8 in. 
spart, and connected bv the two liorizcutiil end phites K, and central plat« T; the latter forming 
tlie point of connection between tlie bngif and the underframe of the truck. 

InFigB, 200S to 2100 is BhoMnafour-wht-clcofil-truck which is used on the Pennsylvania Riil way; 
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this track !■ of rery mnall dfrnenilonB ooraptred with the olber freiglit can, and li one of the few 
typee oF rolling stook carriad on rigid wheeU, the wheeli b«uj; fastened to ft ^lriug beun, inat«Ad 
of being oonneoled to the iwdj of the truck by Bprings ia the lunal way. Fig. 2098 is a half side 



elevation and half longitudinal section ; FiK. !099 a half eai eleTBtiou and half taom mtHtm ; 
and Fig. 2100 a plan, half of the interior, and half of the bottom benung. 
The prineipal dimeuaiooa of tbia waggon ate i — 

n. In. 

Lengtli of bottom fiBBM 12 

„ orerall 13 

„ ofbodjoDtside 11 

„ » ineide .. .. 10 4 

Width „ outside 6 61 

„ „ inside 6 10| 

„ ofdropbottom 3 7 

Depth of body oatside 3 6 

„ inside at oentre 4 10 

„ „ mdes and ends 2 6 

DismeteT of wheels 2 9 

Wheel base 5 

Weight of ear empty, atnat 4 tons. 

The bottom frame of this waggon consists of two outer longitudinals A, 4 in. liy 9 in., and end 
cross sillH B, 9 in. by 9 in. Between tlie toiigitndinnis A, and 3 fL 7 in. apart, are two other beems 
O, 3| in. by 1 ft. 2 in, deep, the ends of wliicli are out away, ho that tlie main traniTene sills rest 
upon and are boiled to tiiem; the rest of 

the cross fntming conustingof a timber D, ^*'- 

4 in. by 6| in., stretched between the two lAs- ^KUB I 

inner longitudinal btams, and placed 12 in. Br ... ■'attsl — J_! 

troTa the end transverse sills, short longi- 
tudinal pieces E connecting these, as shown 
in the plan ; othei sljort lengths also oou- 
nect the outer end inner longitudinsl sills, 
and to the end transverse sills B timbers 
F, 4 in. by 9 in., are bolted ; thfse latter, 
however, stop short of the centre to allow 
room for tlie draw-hooks; the anglps being 
covered with iron plales G, as sbown. The 

bolts oonOecting end strengtliening the structure consist principally of two rods H, secured to t1i« 
end transverse sills, and cross bolts K between the outer and inner longitudinals. 

The axles of the wheels ran in boxes fixed in pedestals P, which ore attaohed to long spring 
b«ams B, placed on each side of the car. The Isn^hof the spring beamB is 8 ft 4} in.; it ia com- 
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iwwd of two timben, the lower one i in. by « in., nnd the uppor one 3J bj 6 in., the deplh of (Iw 
lo*er timber being niiMivhftt mdnoed towud. the ends to give edJltiraial elMticity. The eitwrni. 
tiet of tlie b«ni roat in OB«t-iion inokAtt E. bolted to the ftwno of the oer. id which Kicketi tbey 
are free to move; uid at the oentre k block T, 18 in. loog. 6 in. wide et the bottom and 4 m. .t the 
t^ and Si in. deep, is ioterpoaed between the beam and the under side or the n»in tunDen a, iwo 



Ihroagh bdt» futeniof; the whole together. By thia arraDgemcnt the nae of aprioKi la avoided, and 
at the Mine time aqfflcient elaatiolty obtained for the car. 

The body of the Ear is framed on to fonr corner posta L, 4 In. by 5 in., and fonr intermediate 
onea H, 3 in. by S| in.. Taking itrnts X, of the lama dimenaiona, ext^lding from the foot of each 
intermediate H to the top of the angle poata L,and a rail O, 4 in. by 4} in., nmnlng round the top 



of the body. On each aide fonr bolta b, 1 in. in diajneter, pesa from the top rail O through theonter 
longilndinal ailla A, and are bolted to them. The planking of the ddea of the bodr in I in. tbiolL 
and that of the bottom 1| in. Atadiatanoe of 2 ft. 6 In. from the topof the body, ue ear ia sloped 
iowurd,aoaa to leave a clear apacein the middle of the bottom of the carofUfL 7 in. by 2 ft 6 in., 
the melliod of framing thia lower part of the body beingclearlyihown intheflgnret. la the centra 
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of the lergrth oF the car a beam V, 4 in. by 6 in., extendi acrosa it, the top oT the beam protected bj 
QD iron plale. Prom Ibe beem V paaa down tno rwle (, «Lleb are bolleil to the siile of the hopper in 
the body; and oloee to the drop douraatetwostrape, 3 Id. by t ■■>-• whjrh are boiled at tlieirende to 
the ioner loDgitudinala, aod along thatr IcoKth lo tlie hopper boltom. The dooia, which are hung in 




. re raipeuded 1>y -^in. cliaina lo a bar X. nmning eoroea the oar, and actuated 
by a pawl and roleliet placed outaide. Two bumpen Z, 181 >°' deep and 5} in. wide, a>e placed oa 

each transTene sill. 

Heating Apparotui.—A. heatiDg apparatoa, called the Tbemotipbon, which haa been eiteDaively 
adopted by tbe Eastern Railway of Franoe, aod which haa given perfect Batiafaction in its working, 
ia shown m detail in Figs. 2101 to 2106, and na flied lo the carriages in FJga. 1959 to 1961. Thia 
BppareluB odneiate of a imnli mat-iron boiler B, which is fixed on ^^^^ 

one aide of the carnage ontaide tlie frame, and is connected to an 
arrangtmcnt of pipea and healera wbicli warm the carriage. This 
boiler haa an tatemul Qre, the bottom of the fireplace being closed 
hj a hinged firegrate g, euid the top by a cover fitted with a liopper 
i for the fnel. The chimney o ia led off from the Iwiler obliquely, 
aa ehown in Fig. 1959, and IraTersea the l)ody of the carriiige 
between two of the oompartmenta, at sliowu in tlie piun. Fig, 1961. 
The boiler ia coated with felt, which is protected by a eheut-iron 
casing i. The water, heated to abnot 212° F., passes off from near 
the lop of tbe boiler to two gulvanixed iron branch pipi-a pp. 
Fig. 2103, which diatribate it to tlie liealera H et the bottom of the 
mrriago, the pipes pp' being made with 8 btnds tu give tbe. 
necessary Beiibility, and lo ullow of cipnosion and coDtra<.'tion. 
Tbe healera or" chauffretlea" H are of cast iron, aod are recessed 
into llie iloor of the carriage, midway between the Beats, aa in 
Pigs 1939 aod 1961, page 992, the details of their construc- 

tjon tieing abown io Figs. 21iiS to 2105. These "cliauffretk'a" i 

extend the full width of the body, the hot water fkim the boiler 
entering tbem at one end h and fSisping at the other into the 
return line of pipea o, the connections of which are shown in 
Fig. 2103. The return pipes communicate with the bottom of the 
boiler, aa ahown in Fig. 2101, tbe pipes from the two ends of 
the carriage uniting into a single brunch O. To ensure the 3l<r). 

" chauf&etlea " tieiug cleared of air when tbe apparatus i4 filled ' — 

with water, each has oonoected to its aide a small pipe b, which is 
carried np ander the odjoinine leat, hig. 2105, and is ihtn ijent 
nier and carried down through the fiour of the carriage, its ends 

being enlarged so aa to prevent Ibe pipe from forming a syption. .. 

To accommodate the eipanaion of tbe water which takes pluoe H 

when it is heated, tliero la (iruvided under one of the seuts of the 
central compartment a amaCl Inok T, Fig. 2106, which oomniuiiicates 
with the line of pipes, the position of the tunk being shown in 
Fig. mss, page 992. The eicesa of water caused by Ibe expan- 
sion rises np into this tank, snd the litttcr being open to tbe atmosphere, through the pipe I, ft ia 
impoasibie fur any excess nf pressure lo occur in the boiler or system of pipes. To enaure tlie equal 
distribution of the heat, the Inilei is placed near the centre or the cnrtiuge. One of the pijies p ia 
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fnraiBbed at ths ?nd of the carriage with a funnel throogb wliicb tbe boiler aod pipes can be filled, 
■ ■ ■ .. ■ . ileted. « 



of from 46° 
ment alao i 
apparatuH < 
thirdHjiMt 
BD hour. 



n the funnol onii be run out. bo as to prevent trouble from freezing. With tliis appttnttiu 
ire of flbout lS°iibuve Ibc external temperature can be maintaintnl, tbat is. a temperatura 
tn .50° F.. nith tbe tbrrniniiiuter iu the open air standing at rri:eziiij; point ; tbe arrange- 
miintains a temperalare of from 122° to 140° F. under thu feet. The Are of the liealing 
sn he attended to without opening the carringe door. The ooet for fuel for warmiag a 
caiTiage, such as Figs. 1959 to 1961, psge 992, is stated to average onl; one halfpena; 




The apparatus designed bjr M. Bcigray for lieating foot-wamwrs, and which is employed at the 
principnl stations on the Eastem Railway of Franoe. is shown in Fig. 2107. The foot-warmera 
are heated by immeraion in boiling wnter, eiptriments made iu 1876 having shown tbat the watei 



10 immerBed is raised Tnii 



o 19*° in five minutet. 



Thia appamtua consists, first, of a tank iu which iumiersion of the foot-warmers tubes place ; and 
socondlf , of the mechanical arrangement for effecting this immersion with cuse and regularity. 





The tank T is 4 ft. 11 in. In diameter, and 15 ft. 1 in. deep; it is sunk below the anrface of tho 
grannd. aud is enclosed in a kind of well, which serves to protect it from the preeinre of the 
earth. This lank is formed of wrought iron, the three rings of plates which oompoee it being 
respectively -275 in., '19Tin.,and '118 in. thick. The top of the tank ia closed by a oover, having 
in it openings to allow of the passage of the foot-warmera as they descend and ascend. The water 
in the tank T is maintained at boiling point hy the injection of iteajo, this steam entering through 
a copper pipe A of 1 ' 57 in. internal diameter ; this pipe pHssos down to the botlom of the tank, and 
is there divided into two hianchea a, each 1 in. in diameter, those imuchei being peifonted with a 
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iteun. BMideathe tteam pipe A, the tank ia provided with two other pipes; an oveidow pip« al 
B to take Kway mi; eiceM of water, and another at whieli lerTea to mippl; taj water reqnind to 
make up loaMtMiuedbT evaporation, and t^ the water carried away t^ the emeigiDKfoot-waimen, 
The doDhejr pump, whicli auppUee the boilST famiahiDg Um tteam for heating the water in the 
lank T, draws its aoppl; fnxa the Mid tank ihrough the wada pipe B ; tlie eioeaa ol water oanaed 
bj Uia ooodeiuation of the steam used in beatug i* again fed baok to the boiler, and the water 
tboa travela in a oircnit, it only being ueoetMrr to supply to tbe tank mch an amonnt of fresh 
water aa will make up for tbe loases abovs reft rred to ; the ooat of water for tlte opeiation of the 
appaiatu* is thns pmcticallf niL 

Tbe srtaDfcemeDt for teaariog tlie r^gulsr immersioD of tbe bot-warmer« cauiats of a pair of 
eudleas cliains, whioh pass over a polygonal drum D, mounted on a framing fixed orer tlis lop of 




the tank, and under another similar dmm D', at the bottom of the t&nk. Each ohain consiata of 
serentj-two lii^s, the correapondiog alternate links of the two ohain* being ooonected by eroaaban, 
which serve to maintaiD the ohaini at the proper distance apart, and wbii'h also engage with oor- 
reepondinR teelb on the upper drum, and thus enable the latter to impart motion properly to tbe 
chains. The remaining alternate links of the two cbsins corr^ cages for the reception of tlie 
foot-warmen to be heated, these cage* being so *lnng to the links tliat they may alwaya bang 
vertically, except when inlentionslly diverted from this position to receive and ditrbarge tbe foot- 
watmera. The lower drmn nnder wbicli tbe chains pass is to mouut«d that it is free to move 
vertically to «ome extent, it being, in fact, snpported by the olialoa, and it osn Uias aocommodate 
itself to tbe expansion and contraction of the latter. The upper drum is driven by gearing from 





at one lime. The cage*, in whioh the foot-wannen to be healed are placed, are hnug oi 
taking their bearing* in Uie alternate links of the chain ; and on these axes levers L are mo 
and at U a kind of guide it fixed, which engages the lever* and tilts the csge, so tbat the foot^ 
waimera may readily be placed in them as they paai this point. At the point O near tbe bottom 
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the gaiile onrre F, thii onrre Munring that the oftgea Hhall keep their pmper jpontioD*, and not torn 
over and throw out the foot-vumera. Lutly. tliere u a guide provided at N, which engage* with 
the ends of the lerer and reronas the cages, thas caumug the foot-warmera to be thrown oat oa to 
o table, from which thev are remoTed bj an attendant. 

Toe total weight of the apparatni ii 3 tons 12 owt, the weigrht of the tank alone being 1 ton 
10 owt. ; the oott, aa given b; the Eaatera Bail way Ootnpanf, ia tu toUowa; — 

t 
56 



Vbile, McordiDg to the expoieoee of the ab^ve oconpany, the ooat of reheating each foot-wanner 
ia almoat exactly one haifpenny, thia coat oompriiiiiig all diargee for the repain and depreeiation of 
the apparatna. 

By the nao of thia apparatna, tlie neoeadty of emptyina; and refilling tlie foot-warmera In tho 
manner followed in thU conntry u eatlrely avoided. The foot-wannerB are fillnd ODoe for all, 
anfflcient spaoe being left for the ezpanBion of tbe water when healad,aiid aecurely olcaed ; and,** 
will bavo been aeen ftom the above deecription. tfie oold foot-warmera are placed in the cages at U, 
they deadend iaUi tbe tank ofboilingwaler and re-aacend to thediacharging point N, where they are 
delivered properly bested. The immerBioii laata Q*e minutes, and as then are twenty-four foiit' 
warniers immeraed at onre, it follows that ths cage* arrive at tbe oharginK point at intervala of 
twelve aeoonda: and this interval is found in pracUoe to be amply aafflclent to allow of tbe 
cages being regularly filled. As twenty-four warmers pasa through the apparatna enry five 

minates, it ia thua capable of heating — - — = 2HS foat-warmera an Lonr, or 6912 a day of 

twenty-four houra, a rate of working wiiich is found to be amply anfflcient for suppling the traina 
at the atationa where tbe appamtua is in nae. When uaed in oonnootion with a boiler worked at 
fiO-lb. preaaure, it ia found that this apparatus condensea about 4'4 lb. of eteam for each foot- 
warmer heated to 1M° F„ and a boiler with 215 aq. ft. of snrfiiae ia atated to be auffieient to 
keep up the steam supply. In steady work the steam supply reqa)red,aocor(]ing to tbe above flgarea, 
would be 288 X 4*4 = 1267'2 lb. per hour, correspondiag to an evaporation of — ^rr- = 5'9 lb. 

,B- J, .. . ..»..»e -rt onatantlj, .. «.,»«. 

be preferable to provide a larger l>oi)er ; as, however, under tbe ordinary conditions of praottoe, the 
working of the apparatna is more or lesa intermittent, and aa the water in Ihe tank T ooDhdua a 



In Figs. 2108 (o2ll4ia illustrated the apparatna whioh is employed on tbe Paris, Lyona, and 
Mediterranean Railway, for filling and healiog foot-warmera. WiUi thia apparatus tbe foot- 
warmera are tebealed to about 165^ F. by the injection of a jet of ateam, whidi i* a mnoh nioi« 
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ezpeditiona and leu laborimu plan thui that of emptjing the foot-warmera and Tefllling them with 
hot water. 

The apparatOE emploj-ed at large atatlons ooDdsts of a heatai, Pigr. 210S and 2109, Fanned of 
a pair of caat-iinn ataniluds B, braced together at the top, and fitted with a sliding frame F, which 
can be nuHod or lowetvd b; meanaof an arrangeinen t of hand Icveni provided for that pnrpoBe. Thia 
sliding fmma carries twenty liauinnjt tubeaji, arranged in fire rowiij'four each, theaetiibeB being all 
connected by borimntsJ tabes wliich place U>em in commnn (cation with a main central tube T, 
nhich rises rrom the centre of the nliding frame, and worha in a stuffing box carried by tlje upper 
crossbar of the fixed frame. By means of this sliding joint, the muin pipe of the sliding frame 
is pln(«d in comrDunication witli a casting C, in which two cocks are flieil, one A serviag for the 
sapply of water, and the otlier B for the supply of steam. By this arran|;ement the twenty hanging 
pipes of the eliding frame can be made to diiic)iarge either steam or wuter iuto as many foot-warmorB 
placed beneatli thorn. The foot-warmcrd to be filled or reheiited are carried by a tricycle, wbicli ia 
shown separately in Fi^. 2110 to 2112. Each tricycle consists of a frame D, moualed oD two 
carrying wheels with a guide wheel in front, this frame carrying a sheet-iron oasing hi, divided into 
compart ments t, fur reci-iving twenty foot- warmers W. The case E is mounted on truanions, so that 
it can be brought into the position nhown by Fig, 21 II for the convenient inaartion or withdrawal 
of tbe foot-warmera. and can be Lumed up iuto the position shown in Figs. 2103 to 2U0, to enable the 
warmers lobe filled or heatL-d, a cetch c being provided for keeping it in either position. The mode 
of operatiog tliia apparatus is M follows ; — A tricycle having been loaded with twenty-fonr foot- 
warmera, and the screw-plugs of these warmer) haviuK been removed, it is run into position UDderthn 
filling spparatus, as shown in Fiin. 2108* and 2109, and the sliding ^me being depressed, each 
pendent pipe enters into the ourresponding foot-warmer, which can either be charged with water, if 
empty, or the water in Ihem can be rehenled by the injection of iteam. The process of reheating 
thewatei to a temperalureof about 1H.S° F. takes from three to foot minatos ; and one apparatus, 
sach as shown, wurking in connection with a steam boiler having about 270 sq. fl. of lieating 
anrface. will reheat 2iO foot-warmers per hour. Wlien the foot-warmers are sufficiently reheated, 
the sliding frame with tlie pendent pipe is raised, the tricycle with its load run out of the way to 
moke room fur another, and the sarew-plugs of the root-warniors replaced, when they are rt-ady for 
delivery into the carriages. 

The arrangument adopted for secondary staUons, Figs. 2113 and 2111, ia similar in prineipls 
to that abeady described; but instead of being designed for reheating (oot-wumen corned 



in groups on trieyclea, it is arranged to deal with such warmers arranged in a single row in % 
rack R, which fixes tlieir position with respect to the pendent pipes p of t)ie sliding frame F. 
Fig. 2113 ^ows the apparatus with the sliding frame in its liijihest position, while Fig, 2114 
■hows it in its lowest position. Each pendent pipe p ia funiished with a cock, as is also the ease 
with the arrangement previously descnbed, so thnt any number of pipes can be thrown out of ose 
when desired. An apparatus of this type, worked in connection with a stoam boiler having about 
160 sq. ft. of hpating aur&ce, will reheat abont 150 foot- warmers an hour. 

The following table, showing the length of line open, the number of locotnotivei, and varions 
classes of rolling stock posseeaed by the principal British railways, on the Slat December, 1879 : 
together with the coat for ropuin and renowHls from January 1st to December Slat of the same 
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In Fig. 2115 is aliown a vc^rtical croag section of ThRmm and Bnthmallor'a heetisg apparatns, 
which it very Is^ly ndoptod in Austria ; and the method for tiling the appamttu to the carriagei 
is shown in Figt 1966 and 1!)67. 

B; mennt of vertical nnd horizontal partitions, a kind of box or casing is formed beneath 
the anderfivnie of the carriage, tliis cosing contsioing, in tlic centre, the heating apperatna proper. 
This apparatus consists of a horizontal sheet-iion cylinder 0, with a door at one end, and contains 
a mge or grnted box for the fuel, this box having a cover of iron wire. The faiA etnployod 
consists of a roixlare of eharooal and cnkp, and the air For supporting cnmbnation enten through an 



1068 



BOLLING STOCK. 



Uh pan rireled to the bottom of the crllnder O, the uiumnt of air admitted being rq;Dlat«d bj 
ftdjiut«ble slides. From the ianer mA of the c^liodi-r O, the prudnots of combnatian mre led off 
through • oomier pipe P, wliinh pa«ei.'» ont through the wooden caaitig, aud ii raorided at Ita end 
vitb ft kind of hood H, to ooDstrnoted that tie dcaaght of sir roBhiD^ tbiongh the bood, when Uie 
cnniage jb in motion, prodocee k cnrrent in the pipe P, sod thus creates a draught throngfa the 
•ppwatDi. Over ttie oflinder Q U placed a casing or mantle of sheet iron, of fl shape, wUch ia 
provided with a oonple of branch pipes or flnes F, extending right and left to tne botton Of the 
oompartment ; holes admit the oold air 
from the carriu;e to this cosing, where 
it if mrmed and returned to the carriage 

tliroDffh the pipes above mentioaed. 

The heat radiating from the appaiatoa 

and the pipes wanns the air cuoloaed in 

the exteiDal casing, openings in the 

Boot allowing this warmed aii to asoend 

into the carrisge. At tbe two sides of 

the apparatus ate tnimpet-moothed 

tabea for collecting ftesh air for admis- 
sion to the eaniage, these tubes com* 

mnnicating with a hollow protsoting 

partition which is placed direoUf over 

the combustion oylinder, so as to protect 

the nnderframe from the beat radialcd by the main partof the appstnttna ; and tbe tteab ai . 

by traversing this partitioD, is admitted to the oarrisgo through suitable ventilatora ; ventilaton 

being also fixed near the oeiling of eaoh compartment for the escape ot the foul air, and for teKO- 

lating tbe tempenture. 

Twenty pounds of tbe mixture of cofce and charcoal is fbnnd to be sutBcient to mainttdn In a 

earriage, a temperature of 55° Fatir. dating a ran of twelve hours, whatever may be tlie external 

temperatute, the appatatns requiring no attention dnring the run. This apparatus also affords 

eioi ventilation for the carriages, the temperature near the floor being always higlier than near 

Uie roof. The armngement and method of fixing this apparatna is such that access to the draw 

springs, and tbe like, is readily obtained. 

Lighting Bailmay OirrK^o.— Pintsch's oil-gas appantna is illustrated in Figs. S116 to 2118. 

This system of lighting la extentiiely employed. 

The oil-gas making araperatns oonsisis of banks of donhle-stery retorts, 10 in. in diameter, 

arranged as in the sectiOD Fig. 2118. The oil, which maj be any cheap hydrooorhon, is introdtwed 





in a small stream IVom a minately adjustable cock, attached to a small dstem A, one of these 
cisterns being placed over e.ich pair of retorts, into a funnel leading into an iron tnsy. which tetoina 
the oil until it ia evapomted, and it then pastes through tbe lower retort, in vhioh tbe prooess of 
volatilization ia oompleted. The adoption of this method of feeding In the oil makes the removal 
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of the oil coko easy, preyenU the oold oil from falling on to the liot iron of the retort, and permits 
the diBtillation of a larger quantity of oil than conid bo done in two separate retorts; and the 
arrangement moreover secares a higher tcmperatare for the final conversion of the oil vapour into 
gas, and prevents the formation of smoke. One set of four retor.'s will pmduoo, according to the 
quality of the oil, from S500 to 4000 cubic feet of gas in ten hours, or sufficient for one lit^ht for 
5000 hours, or if the retortd work continuously they pro<luoe enough for one light for 12,000 hours. 
The retorts are heated in the ordinary way by coke nres beneath. From the retorts the gas passes 
through a short length of pipe, past a tar well, and thence to a purifier of simple construction, 
carrying trays of sawdust ana lime, and on to a giis-hoLler or gasometer. From this gnsometer the 
gas IS pumped as required and compressed by compressing pumps, which force it into reservoirs at 
a pressure of about ten atmospheres, these reservoirs varying in nnmber according to the number of 
carriages which it may be necessary to fill st any one time. The pumps employed for compressing 
the gas into the reservoirs do not act directly on the gas, but on oil which rises and fnlls with the 
motion of the pidtons. From the reservoirs the gas is passed from stand pi|)es, fitted with small 
strong cocks and very strong indiarubber hose, to the receivers placed under the frames of the 
railway carriages ; and from these receivers it is led by stout {-in. pipes to the lamps in the roofs of 
the carriages. 

The receivers, of which one or two are fitted to each carriage according to the length of .journeys 
to be made, the length of the carriages, and the arrangement of the brake fittings, vary in diameter 
from 10 in. to 20 in., and in length from 5 ft. to 12 ft. These receivers must be well made and of 
the very best material, otherwise they become leaky under the constant vibration and jerking of the 
vehicle ; the plates vary from -^ in. to | in. in thickness, and are very carefully and slowly bent ; while 
in addition to being carefully riveted and screwed, the end joints are afterwards soldered up and 
every rivet head and screw head soldered over, in order to secure a perfectly gas-tight vessel. 

At a systematically arranged filling station, filling posts are plaocii at a distance apart equal to 
. about that of the centres of the carriages of the ordinary lengths. Although the gas is compressed 
in the reservoirs up to ten atmospheres pressure, it is only passed into the carriage receptacles to a 
pressure of six atmospheres, as indicated by an attached gauge. 

Between the carriage receivers and the roof lamps is placed the regulator. Fig. 2117, which 
constitutes one of tlie essential features of the whole design ; and through this regulator the whole 
of the gas has to pass before reaching the lamps. This regulator consists of a cast-iron vessel, 
about 12 in. in diameter and 6 in. in depth ; the upper part being clo^ied by a membrane of 
specially prepared sheepskin, to the centre of which is fastened a rod connectetl nt its lower end 
with the lever which controls the regulator valve ; this lever is also controlled hy a double-leaf 
spring acting in opposition to the membrane, and by this means the regulator valve is absolutely 
independent of the movements of the carriage, so that the accidental extinction of the light never 
takes place. The gas passes the valve, which is adjusted for a pressure of only that due to a 
{-in. column of water, and when this pressure under the membrane is reached the valve is dosed, 
and the process of opening and closing is repeated until a balance between the admission and 
consumption is obtained. 

From the regulator a }-in. pipe carries the gas to the roof of tlie carriage, a cock being provided 
by which all the lights may be extinguished at once ; but separate cocks are fixed to each burner, 
so that one or all may be extinguished. No pipes larger than } in. in internal diameter are 
employed, and all are very thick. The gas itself being very pure and permanent, no trouble has been 
experienced by the clogging of the pipes. Almost all the joints are made with small fianges, and 
no running sockets are lued, the joint being made by a combined lead and indiarubber ring squeezed 
between l£e flanges. 

The lamps used with this system. Fig. 2116, are somewhat similar to those used for the coal- 
gas light, but the glass globe is smaller ; the hole in the reflector is but a small slot, instead of 
a round, funnel-slmped chimney ; and the reflector is convex instead of concave, hs elsewhere used 
in lamps, and the light is therefore much more effectually diupersed. The bracket carrying 
the burner is hinged at the upper part, so that it may be turned up for cleaning the glass; while 
the glass bowls if broken can oe replaced in a few minutes. 

As regards the cost of lighting with oil gas ; it was found by the London Metropolitun Railway Go. 
that the gas can be product at the rate of l&s. Sfd. a 1000 ft., and that the consumption a light nn 
hour is 0*5983 of a cubic foot. The cost of oil as compared with gas on this system is thus 
as 8*65 to 1. A further great source of saving which belongs to the use of high-pressure gas, arises 
from the length of time which each carriage supply will last. On the Metropolitan Bailway it is 
usual to fill the coal-gas receivers at the enil of each journey ; the compressed oil-gas receivers are 
only filled once a day ; the saving in labour, time, and leakage, from this difference alone is 
therefore very great. 

Figs. 2119 to 2125 rekte to the apparatus designed by G. Wcstinghouse for lighting with 
gas; the apparatus being worked in connection with his brake. Fig. 2119 is a longitudinal section 
of a carriage, showing the form and size of the oarburating reservoir, and the arrangement of pipes 
and regulator; Fig. 2120 is a cross section of same; Fi^. 2123, 2124 are enlarged views of the 
regulator; Fig. 2122 a detail of the same; Fig. 2121 shows the lamp in the carriage with its 
connections ; and Fig. 2125 is an enlarged view of the lamp, half in section. 

The carburator/ is a tube about 6 in. in diameter and 12 ft. long, secnred to the nnderframe of 
the carriage. At one end of the carburator is connected the regulator c, by which the admission of air 
to the carburator is controlled, and upon the action of which the proper working of the apparatus 
depends. The air passes through the regulator c, either from the main air pipe of the carriage, or 
from a small supplementary reservoir a, according to circumstances, and tiaverses the carburator 
/, which is filled with sawdust, cut sponge, felt, coke, or other suitable material, the whole being 
saturated with gasoline or similar oil. The air passing into the carburator under a suitable piessura 
at one end advances between the interstices of the material, and becomes changed into a rich illumi- 

3 T 2 
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noting gu bj tbo Ume it raoohes Uie other end of tlie carbiiralor, a pipe g fnm which oondacla it 
to llie points Qf coDsamption. 

liieregiiUtoror reducingTBlvee, which U toan enlarged wale in Figi. 2123 and 2121, is eircnlar, 
and made in hul*e«, bolted together m u to endow a ehatlow orrcolar cbiunber, which ia di?ided 




into two poiii "by meana of a leather dinphnLgm bolted between the flangei of the reRnlator. 
This diaphrainn is reioforoed bT a drcolar braai plate, the two edges oF whioh are tnmed np, bo 
that the leethfT *hall not be injured ; in the centre of this braia diao is fMtened a nnall ateti) 
pierced with a mioDte holp, so ai to ettabliBh a commnnication with both aide* of the diaphmsm, 
end extended ao aa to enter a bole formed io the ecrewed atud, the position of whirh oan b* 
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regulated from the outbide. At its oater end the hole in this at ad is enlarged to form the seating 
for a valve riveted to a curved apriog and shown in Fig. 2124. In one half of the leguLttor casing, 
and on the outer side is a socket, through which passes the above-mentioned screw^ stud, and is 
capable of compressing a spiral spring, which bears also against the centre portion of the diaphragm, 
or rather against a collar upon the stem »'. On the other half uf the casing is a projection, to which 
is secured a cock o and small valve chamber. The opening controlled by the valve jd is that com- 
muui&iting with the main air pipe, the other goes to the supplementary reservuir a already 
referred to. A passage controlled by the cock, connects these passages with the chamber of the 
regulator ; and another opening is used for letting the air pass on to tne carburieitor. 

It is customary, under ordinary circumstances, to draw the supply of air from the main pipe, and 
the supplementary reservoir U kept constantly full from the same source ; but if from any cause, 
such as putting on the brakes, the pressure in the pipe is reduced, the air passing from the reservoir 
instantly shuts the clack valve p of the branch leading to the main pipe, and the carburator 
continued to he furnished from the cylinder till pressure is once more restorea in the main pipe, and 
the check valve is reopened. The valve which serves to admit air in the regulator is shown aty, 
Fig. 2123. It eonsidts of a stem which passes through a gland in the body of the regulator, and 
touches the spring of the small safety valve, when the latter is forced down by means of its own 
spring. The stem is reduced in section on two sides, so as to leave a passage for the air into the 
chamber 6. To adjust the regulator for working the air admission valve is sightly opened by com- 
pressing the spring, which hiss the effect of forcing the valve on the stem slightly off its seat, 
and the second valve is closed, and at the same time partly closing the air admission valve, air then 
flows through tlie passage iu the stem to the other side of the diaphragm, and escapes through a 
small hole in the casing. It is evident that the amount of air passed into the carburator can be 
exactly regulated by the amount of opening given to the admission valve, and adjusted by means 
of the outer screws. By closing the cook on the casing, the supply of air is shut oif and the 
apparatus ceases to act; a tap is also placed on the pipe leoding from the carburator to the lamps 
to shut off the supply if desijred, and each of the lamps is furnished with a tap. The hemispherind 
glass depending witnin the carriage, is hinged to the framework on one side, and fastened with a 
spiing lock on the other, so that the gas can be lighted with the utmost facility, and the lamps are 
nut removed from their places. The top of the lamp forms a reflector, and distributes an even and 
very ample light through the carriage, which moreover leaves nothing to be desired in brilliancy 
and purity. 

The carburators may be charged to last for two weeks without renewal, and the operation 
of lighting is simply that of turning a tap and applying a match, considerable time and risk 
of breakage and other damage are avoided. 

SANITARY ENGINEEEING. 

The methods which have been proposed, or adopted, at various times, for getting rid of the excrete 
and other household and trade waste from a community are numerous. Of these we may enumerate 
burning, pneumatic conveyance, deodorization and disinfection by earth, and removal by water, 
each of which has its advantages, but none of these answer every requirement for the removal 
of town refuse effectually. Every one of these methods may, under certain circumstances, be 
utilized with advantage either separately or conjointly with water carriage, but it will be found 
tiiat the latter system, properly carried out, is, where it can be adopted, the best adapted for the 
purpose. The works necessary for the drainage of a town are the drainage of the surface, that of 
the subsoil, and the lemoval of liouid and semi solid refuse. A drain is a conduit, intended only for 
the under drainage of the soil, and is made porous and open at the joints, sp as to draw in as mudi 
water as possible, its purpose being to draw out of the land, throuf;h which it passes, the water which 
is in that land, and, as far as capillary attraction and other circumstances will permit, to thus 
remove the wetness caused by it. A sewer should have but one function to perform, that of con- 
veying sewage, and therefore should be thoroughly water-tight, so as not to either leak into or 
receive water fh>m the surrounding soil. In considering at large the question of draining a district 
the principal points to which attention should be directed are, the geological and physical cliamo- 
teristics comprised within the area to be dealt with, the water supply and the rainfall ; with the 
proportion of the latter it is proposed to deal with by means of a sewer, the locality for the outfall, and 
the method of treatment propped for sewage, together with correct estimates of both the present 
number of the population and its probable increase. The district must be carefully surveyed and 
the levels noted, whilst the same operation siiould be conducted with such portions of the sur- 
rounding neighbourhood as are likely to affect the plans. This is all the more necessary since it 
frequently happens that Irom its peculiar conformation the district may be liable to drainage from 
other areas which will materially affect its own system. Plans submitted to the English Local 
Government Board are usually prepared according to the following instructions, which are due to 
Uieir eminent engineer, B. Kawlinson, C.B. A general plan exhibiting the area which will be 
affected by the proposed works, should be laid down to a scale of not less than 2 ft. to a mile. It 
should have figured upon it the levels of the centres of all streets and roads at their intersections 
and angles, and at every change of inclination. Where a district is near the sea it should show the 
high and low tide level of the sea, and where there is a river, the summer and flood water levels 
should be recorded. Permanent bench-marks, having reference to the surfiice levels, should be cut 
on public buildings throughout the district, and also be marked on the plan. Sections should 
acoompanv this plan, upon which the levels of the cellars should be shown. Such a plan might be 
used for showing lines of main sewers and drains, lines of water pipes and gas-mains. The lines of 
main sewers and drains should have the cross sectional dimensions and gradients distinctly marked 
upon them. The dhuensions of water and gas pipes should also be shown in figures or by writing. 
A detailed plan for the purposes of house drainoge, paving, or the sale and purchase of property, 
should be constructed to a scale of not less than 10 ft. to a mile. Upon this plan should be exhibited 
all houses and other buildings, bench-marks, the levels of streets and roads, of celUrs, as well as the 
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vmier levels previously mentioned. Three ft by 2 ft will be a convenient size for tlie sheets of this 
plan, and by representing the marginal lines of tlie sheets upon the general plan, this will beooroo 
a very useful index. As it may occasionally be desired to carry out works piecemeal, with a view to 
save the time which would be occupied in the preparation of a complete plan from actual survt-y, it 
will be sufficient, in the first instince, to fumiJi a general plan of streets and roads only, with the 
Burfaoe levels, and those of the deepest cellars, and the proposed scheme of works shown thereon, 
after which the works can proceed in sections : but with each separate application for sanction to a 
loan, a correct plan nnd section or sections should be submitted, accompanied by detailed estimAtea 
and specifications. Plans of such schemes when submitted to the proper authorities, should' be 
prepared to a scale of not less than 4 iu. to the mile. Seotious of the works should have a horizontal 
scale similar to that of the plan, with a vertical scale of at least 1 in. to 100 ft, and should any 
alterations be proposed in the water level of a canol, or in the level or rate of inclination of any public 
road or mil way, cross sections must also be provided, having a minimum cross section of 1 in. to 
every 33 ft. and a vertical scale of 1 in. to every 40 ft. 

Towns vary in character of site, as also in form of the surface contour, and, consequently, require 
difiering modes of treatment in main sewering to pass subsoil, surface, and sewage watara safely. 
8ome towns, as Portsmouth and Hull, situated on the margins of tidal ebtuaries, are, for the moiit 
part, low and flat, whilst other towns, like Urightou, Ijiverpool, aud Sunderland, though alao 
situate on tlie sea, or on shores of ^tuaries, have steep gradients, from which the water falling 
during heavy ruins is accumulated and rapidly precipitated, to the destruction of the sewer inverts, 
by the extra scour and wear. Each area, therefore, requires special consideration, so as, in devising 
systems fur main sewering, to enable the engineer to adopt such forms of works as shall facilitate 
the due and safe discharge of sewnge, with the least injury to the sewers aud to the inhabitants. 

The admission or rejection of the rainfall from a system of sewers, depeutis entirely upon loral 
circumstanees. Particulars as to the quantity of rainfall likely to occur iu a given locality, and 
other matters relating to the subject, have been already detailed at p. SU.'iS of this Dictionary. 

In addition it may be fairly estimated that the sewers should provide for removing of rainial] 

an hour. 

Inches In depUb. 

Fromruofd *5 

„ flagged surfaces .. .« '2 

„ paved „ -1 

„ gravel „ clay subsoil '05 

„ „ „ gravel or chalk ditto '01 

„ meadows or grass plots *02 

In the open country, where the soil is loose and permeable, about one-third only of the rainfall 
finds its way into the watercourses, the remaining two-thirds being absorbed or evaporated. 

In ordinary oouutrv towns, depending on the extent of the suburbs and the state of the pave- 
ments, fmm one-fourth to one-third of the rain fall due to a given period, should be provided to be 
removed by the sewera within one hour after it ceases. In mrge well-paved cities one-half of the 
quantity may be assumed as passing into the sewers within tho same time. 

Of sewoge, the engineer should provide for removing 5 cubic feet a head of men, women, arid 
children in 24 hours, one-half to be calculated as passing off in about 6 hours. The total quantiiy 
to be removed should never be estimated at less that the water supply. 

The amouut of solid mutter iu town sewage where the water supply is abundant, varies from 1 
part in 800 to I part in 600. 

As regards the number of tho population to be provided for, in old and settled countries this ia 
not a difficult matter, since the census returns are generally accessible and fairly accurate. In 
England the population may be readily estimated by ascertuining the number of inliabitetl houses* 
and multiplying this by the average number of inhabitants who were found to dwell iu each honuo 
at the last census. This may also be approximately arrived at by estimating that six persona 
inhabit each house. 

To determine accurately the size and inclination of the common sewers it may be intended to 
construct, it is necessary to have reference to the amount of foreign water and solid matter which 
will be brought into them in addition to the quantity and the character of the sewage proper. A 
velocity of tH) ft a minute will be sufficient for the discharge of clear sewage closely approximating 
to the character of water, and sewage strained of its coarser particles will flow without deposit with 
a velocity of SiO ft a minute. Ordinary sewage requires a mean velocity ot 150 ft a minute. Wick- 
steed's experiments showed that a mean velocity of 137^ tt a minute would suffice for the removal 
of heuvy sewage matter when the sewer was running full or half full, but it is necessary to have a 
velocity in large sewen of 2 miles an hour, or 176 ft. a minute, when running three quarters full, 
165 ft. when running half full, and 146 it. a minute when running one-third full. Beardmore laid 
it down in his *• Manual of Hydrology,* that the following bottom velocities have the effect stated oa. 
the different materials particularized : — 

30 ft a minute will not disturb clay with sand and stones. 

40 „ „ will move along coarse sand. 

60 „ M f> n fi^e gravel, size of puas. 

120 „ „ „ „ rounded pebbles, 1 in. diameter. 

180 „ „ „ „ angular stones, 1} in. diameter. 

Bottom velocity, which im|.arts the greater motion, differs from mean velocity iu the ratio of 
from *75 to * 85 -say *80 to 1 — or four-fifths. The greatest discharge from a circular conduit is 
when it is not quite full, that is, when rather better than iiftetn-sixtceuths full, and (he greatebt 
velocity occura when it is thirteen-sixteenths full. 

A 2-ft sewer, if discharging clear sewage with a velocity of 60 it a minute, would require a fall 
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of nther more than 1 foot a mile ; if discharging strained sewage with aTelooitrof 90 ft. a minnte, 
2} ft. a mile ; and if discharging ordinary unscreened sewage with a Telocity of 150 ft. a minute, a 
fidl or inclination of 7} ft. a mile. 

Tkble L gives the velocities of water flowing through and the onantity discharged fiom 
circular pipes or culverts a minute when laid at different inclinations, ana runmng \t»^f and three- 
quarters full. 

This Table is calculated from Beordmore's formula, which has been found to be very reliable : 

V = 65VBx2H. 
B = hydrikulic mean depth in ft. 
H = fall in feet a mOe. 
y = velocity in feet a minute. 

It may be desirable here to give the formuln of the four different foreign authorities principally 
recognized. 

Du Bnaf s formula reduced to English measure :— 

V8-L(VS + l-6) ^ 

Y = velocity in inches a second. 

B = hydraulic mean depth = i diameter in inches. 

8 = slope or difference of leveL 

L = hyperbolic logarithm, and found by multit>lying the oommon logarithm by 2* 3026L 

In the following formule English feet are employed ;— 

Y being the velocity a second. 
D n diameter 1 
H ,, head or pressure \ of the pipe. 
L ,, length 



Fiony'8 simple formula : — 

V = 48-449 a/ ~ 
Eytelwein's formula, as given by Tredgold : — 



Ponoelet's formula : — 






The quantities afforded by these formulaa were tested by actual discharges and the results as 
tested by Murray, are detailed in Table IL The calculated discharges are given by Du Buat, Piony, 
Eytelwein, and Poucelet respectively. 

Table I. — Disohabgb of Bkwebs. 



Diftmeterof 
Pipe. 



In. 



4-5 



12-789 



12-789 



19-184 



SO- 



Length. 



Head or Presrare. 



ft. 
8,300 



14,980 



8,837 



14,963 



5,052 



5,280 



ft. 
12 '75 



51 00 



12-90 



21-582 



4-929 



900 



DlBchargie* 
Minnte. 



cnb. ft. 
1-617 



11-3^ 



GUcnlAted Dl*. 
cbATge « Minnte. 



cub. ft. 



1 
1 
1 
1 



155 



111 



217 



880' 



507 
609 
509 
59 
11-252 
11-491 
10-784 
11*281 

158- 

155* 

145- 

141- 
99' 

102' 
99* 
98- 

223- 

230- 

215- 

226- 

926- 

932- 

865* 

910- 
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The area of an egg-ahaped eawer is found aocnrately by squaring the radios of the top, and 
mnltiplving this by 4*6. 

To find the sectional area of the brickwork, inclusive of the inyert» the following formuln^ as 
well as table, have been worked ont by Henry Hobeon ; — 

Let B = equal the sectional area, and let t ^ the thickness of the brickwork. 

ir (r + Q«-irr» ^ g K3r + Q'e _ (3ry g| 
2 ' \ 2 2 j 



8 = 



= -^ + rt[-+ ^ ) 



(fl) 



180 
= wt\t + (rx2'&2416)] 

= 3- 14159 xtlt+(rx 252416)} 

The sectional area thus found, when expressed in sqnare yards, will giva the number of cubic 
yards of brickwork in the sewer a lineal yand. 

The sectional area of the invert a b may be found separately, thus : 

«={(i*')'-a-:«)}ra)'(i-») 



180 
=«(»•+ )X '9273 nearly. 



m 



The sectional area thus found, when expressed in square yards, will give the number of cubic 
yards of brickwork in the invert a lineal yard. 

Table IL is intended to show the results of the formulsB, whilst it gives the sectional areas 
of all sizes of e^g-shaped sewers likely to be coDstructcd. No opinion is expressed eiUier as 
to the limits of size above or below which it may be advisable to construct sewers having an egg- 
shaped cross-section, or as to the thickness of brickwork suitable ; it will be seen that extreme cases 
have been included. 

The cubic contents of the brickwork have been ralculsted from (a), and include the invert. 
Tlie cubic contents of the inverts alone may be found from (6) and deducted from the amounts 
given in the Table if it be desirable to do so in any particular case. 

The areas and quantities have been computed to the nearest decimal. 





Table 11.— Seotional Aseab of Egg-shai-ed Bbwebs. 








Dimension 


Area of 


Brickwork in cub. yards a ysrd ran. 






B. 


of Sewer 


fiawer in 










in Inches. 


%^V ^ **• AAA 

sq.ft. 


H-Work.' 9* Work. 


13|" Work. 






6" 


12 X 18 


1150 


•214 


•527 








7 


14x21 


1-565 


•242 


•582 








8 


16 X 24 


2 044 


•269 


•637 








9 


18 x27 


2-587 


•297 


•692 








10 


20 X 30 


3- 194 


•324 


•747 








11 


22 X S3 


3-865 


-352 


•802 








12 


24 X 36 


4-600 


•379 


•857 








13 


26X39 


5-400 


•407 


•912 




/ 




14 


28x42 


6-261 


•434 


•967 








15 


30x45 


7-187 


•462 


1*022 








16 


32 X 48 


8-178 


-490 


1077 








17 


34x51 


9-232 


-517 


1-132 








18 


86x54 


10-350 


-545 


1-188 








19 


38x57 


11-532 


•572 


1-243 








20 


40 X 60 


12-778 


-600 


1-298 


2094 






21 


42 X 63 


14-087 




1353 


2-176 






22 

1 


44 x66 


15-461 




1*408 


2-259 
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R. 



23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
83 
84 
35 
36 



JMmeiMlaQ 
of Sewer 
inlnchet. 



46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 



X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



69 

72 

75 

78 

81 

84 

87 

90 

93 

96 

99 

102 

105 

108 



Area of 

Sewer In 

■q. ft. 



16 

18 

19 

21 

23 

25' 

26 

28 

30 

32 

34' 

36 

39 

41 



898 
400 
965 
594 
287 
044 
865 
750 
699 
711 
788 
928 
132 
400 



Brickwork in cab. yard* a yard nin. 



4^" Work. 



9" Work. 


l^" Work. 


1-463 


2-342 


1*518 


2-424 


1-573 


2-507 


1-628 


2-589 


1-683 


2-672 


1-738 


2-755 


1-793 


2* 837 


1-848 


2-920 


1-903 


3 002 


1-958 


3 085 


2-014 


3-168 


2-069 


3-250 


2-124 


3*333 


2 179 


3-415 



Table III., relatiDg to egg-shaped newen, bv J. T. Hunt, and given in bis Pockei-book, shows 
the discharge in cubic foet a second when the aiameter of the larger circle and t he in cUnation 

are given, the sewer flowing two-thirds fuU, calculated from the formula, 2 = 35 \/ d^l, d being 

the diameter in feet. Five-sevenths of the quantity given in this Table will equal the discharge 
from cylindrinl pipes of the same diameter when flowing two-thirds fulL 



Table III.— Disohabob of bog-shaped Bewebs. 



IXameter 
in feet 








Fall <Uvided by Length. 








and 
inchca. 


Tvlw 


nhni 


Tirlim 


rvhn 


nhm 


tsStv 


rv^ 


Tvlini 


TvSvV 


TjAm 


tAh 


tAv 


9 


•17 


•24 


-30 


•34 


•38 


•42 


•45 


•48 


•51 


•54 


•76 


•95 


1 


•35 


-49 


•61 


•70 


•78 


•86 


•93 


•99 


1-05 


1^11 


1*57 


1-92 


1 3 


•61 


•86 


106 


-22 


1-37 


1-50 


1-61 


1-73 


1*83 


1^93 


2-73 


3-35 


1 6 


•96 


1-36 


1-67 


1-93 


2-16 


2-36 


255 


2-73 


2-89 


305 


4-31 


5-22 


1 9 


1-42 


201 


2-46 


2-84 


3-17 


3-47 


3-75 


4-01 


4-25 


4-48 


6-34 


7-77 


2 


1-98 


2-80 


3-43 


3-96 


4-43 


4-85 


5-24 


5-60 


5-94 


6-26 


8-85 


10-84 


2 3 


2*66 


3-76 


4*60 


5-32 


5-94 


6-51 


7-03 


7-52 


7-93 


8-40 


11-89 


14-56 


2 6 


3-46 


4-89 


5-99 


6-92 


7-73 


8-47 


9-15 


9-78 


10-38 


10-94 


15-47 


18-94 


2 9 


4-39 


6*21 


7-60 


8-78 


9-81 


10-75 


11-61 


12-41 


13-17 


13-88 19-6.3 


24-09 


3 


5*46 


7-72 


9-45 


10*91 


12-20 


18-36 


14*44 


15-43 


16-37 


17-25 


24-40 


29-88 


3 6 


8-02 


11-34 


13-89 


16-04 


17-94 


19-65 


21-22 


22-69 


24-06 


25-37 


35-87 


43-93 


4 


11-20 


15-84 


19-40 


22-40 


25-04 


27-43 


29 53 


31-68 


33-60 


35-42 50-09 


61-34 


4 6' 


15-03 


21-26 


26-04 


30-07 


83-62 


26-83 


.39-78 


42-52 


45-10 


47-54 


67-24 


82*35 


5 


19-57 


27-67 


33*89 


39-13 


43-75 


47-93 


51-77 


55-34 


58-70 


61-87 


87-50 


107*2 



Diameter 

inftet 

and 

fncbef. 



FaU divided by Length. 



riAm 




1 
1 
1 
1 
2 
2 
2 

2 9 

3 



0f 

9 

3 
6 
9 

3 
6 



3 

4 

4 
6 



6 

6 




1-08 

2-21 

3-87 

6-10 

8-97 

12-52 

16-81 

21-88 

27-76 

34-51 

50-73 

70-83 

95-09 

123*7 



ToVV 



ToOT 



1- 

2- 
4' 
6' 
10- 
14 
18 
24 
31 
38 
56 
79 
106 
138 



21 

47 

32 

82 

03 

00 

79 

46 

04 

58 

72 

20 

3 

3 



1 
2 
4 

7 



'32 

71 

•74 

47 



10-98 
15*34 
20*59 
26*79 
34*00 
42-26 
62-13 
86-75 
116-5 
151-6 



TVoV 



1 

2 

4 

8 

11 

16 

22 

28 

36 

45 

67 

93 

125 

163 



43 
93 
91 
07 
86 
56 
24 
94 
72 
65 
11 
71 
•8 
'7 



lAo 



rosv 



ToV 



TSV 



1-52 
3-13 
6-47 
8-63 
12-68 
17-71 
23-78 
30-94 
39-26 
48-80 
71-74 
100-2 
134*5 
1750 



1*62 
3-32 
5-80 
9-15 
13*45 
18-78 
25-21 
32*81 
41-67 
51-76 
76-10 
106-3 
146-6 
185-6 



1 

3 

6 

9 

14 

19 

26 

34 

43 

54 

80 

112 

150 

195 



70 

50 

11 

64 

18 

80 

58 

59 

89 

56 

21 



•3 

'7 



41 
95 
65 
-64 
■05 
00 



2 
4 

8 
13 
20 
28 
37*59 
48-92 
62*07 
77-16 
113-4 
158-4 
212-6 
276-7 



ToV 



loV 



ToW 



2 

6 

10 

16 

24 

34 

46 

59 

76 

94 

138 

194 

260 

338 



•95 
-06 
-59 

71 
•56 
•29 

03 
•91 
*03 

50 
•9 
-0 
•4 

9 



3-41 
7-00 
12*23 
19*29 
28*36 
39*60 
53-16 
69-18 
87-79 
109-1 
160-4 
224*0 
SOO-7 
391-3 



3-81 
7-83 
13-67 
21-57 
31-71 
44-27 
59-43 
77-34 
98-15 
122-0 
179-4 
250-4 
336-2 
437-5 
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House drains leading from water-closets shoiild be 6 in. diameter, and laid with a fall of not 
less than 1 in. in 10 ft., and where possible 1 in. in 5 ft Branch drains from sinks may be 4 in. 
diameter, with a fall of 1 in. in 6 ft. 

A velocity of abont 3 fL a second is required to keep hoose drains clear and 2 fl. a second for 
main sewers. These velocities shonld be increased for small pipes, say, for honse drains under 
6 in. diameter, and for mains under 12 in. diameter. 

Table lY. shows the fall to be given to cylindrical sewers flowing one-half full to ensure these 
velocities. 

Table IV. — ^Fall fob Ctlindrioal Sewebs. 



DUmcter 
of Sewer. 



Velocity 
3 A. a fecund. 



Inches 

4 

6 

9 

12 



lin200 
I in 300 
1 in^450 
linGOO 



Velocity 
3 11 • aeoofad. 



1 in 100 
1 in 150 
lin225- 
linSOO 



DUmiier 
of Sewer. 



Velocity 
aflaaecood. 



Velodtar 
3lt« 



Inches 
15 
18 
24 
90 



1 in 700 

1 in 900 

1 in 1200 

lml400 



1 in 350 
1 in 450 

1 in GOO 
1 in 700 






Except where sewage is used fur irrigation, aU rain water should, as a rule, be allowed to pass off 
by the sewers, for the purpose of flushing them. 

The formida used for calculating the size of open channels and pipes for water supply applies 
also to sewers, except that the latter are usoiilly taken as flowing from one-half to two-thirds fulL 
In which case the value of R must be found by dividing the area of the transverse section of the 
part filled by the girth of the botti>m and sides which are in contact with the sewage. In 
eylindiical pipes, flowing one-half full, B = one-fourth of the diameter, the same as for pipes entirely 
flUetl ; when the sectional area of the sewage is two-thirds that of the pipe, B= diameter x 292 ; and 
when three-fourths, B = diameter x 296. 

For egp:-shaped sewers, of which the conjugate diameter is 1} time the transverse diameter, 
when flowing about two-thirds full, the following formula may be used. 

V = 15-3 V di; 

Q = 11-56 Vd*8, 

d being the transverse diameter in inches. 

Other furms of sewer may be calculated by the formulaa for open channels. 

The natural drainage contours of a district are usually best adapted for the main lines of sewers 
and the same levels will also give the lines in which storm water overflows will have to be constructed. 
Ordinary sewers are usually laid in straight lines, and a manhole arranged whoever a lateral 
deviation oocuri, whilst lamp holes or ventilators are requisite at every point where the sewers 
deviate vertically, which are subject to a change of gradient 

Figs. 2126 to 2146 aflbrd illustrations of these arrangements. 

The materials used for sewers consist of bricks laid in cement or hydraulic lime mortar, stone- 
ware pipes, and concrete, used separately, or in conjunction with bricks and pipes. Iron also is 
used where the sewer has to be taken through unsound ground, under rivers, ana in special cases 
through closely inhabited districts. 

In the construction of brick sewers bricks of the best quality should be used. They need 
not necessarily be radiated bricks, but they should be well burnt and weU shaped, and possess 
adhesive qualities ; for although the pressure of the outer earth upon the sewer may be greater than 
the internal pressure of the sewsge outwards when the sewers is full, it is not the lees nocfacsary 
that the cement or hydraulic lime mortar in which the bricks are laid should adhere to the brides 
where a water-tight condition of sewer is a paramount object. Ill-burnt and soft InrickB should be 
most stringently rejected. Bough bricks, even if well shaped and well burnt, should not be used 
for the internal lining of sewers, as the suspended matters of the sewage will cling to them, and 
ultimately coat them with putrescible substances. The Lnndon stock brick forms a vary eood 
sample of a suitable brick for sewers. Bome engineers prefer the Gault brick, but thouni it 
possesses a comparatively smooth surface, and therefore can be advantageously usiod for the inner 
lining, its lack of adhesiveness does not recommend it. The blue Btafibnlshire bricks and flireday 
bricks glazed on one edge, form superior inverts, and being very hard, strong, and smooth, wiU 
resist erosion. They are to be preferred to the glazed invert olocks, which have been much recom* 
mended by some persons. Figs. 2149, 2160, 2163 are various sections of brick sewers. 

The ctment or lime used for the mortar in the building of brick sewers should be selected with 
great care. The former should be Portland cement weighing ftom 110 lb. to 112 lb. to the striked 
bushel, and it should be used in the proportion of 1 of cement to I of clean washed sand. If 
lime be used at all, it should be the best hydraulic or blue lias lime. Boman cement, which seta 
more quickly than Portland cement, may be usefully applied as an inside rendering. There is 
nothing connected with the construction of brick sewers of more consequence than the mixing of 
either cement or lime mortar, and ^hen properly mixed it shonld be used immediately. 

If the sewer is constructed b. low the ordinary level of subsoil water, the utmost care is required 
to keep the work in hand above water by pumping until the cement or lime has become set. 

None but the best-formed and bunit stone or earthenware pipes ought to be use<l for sewers of 
any size. Stoneware pipes are to be preferred to those made of fireclay, though if the latter are 
well made and well burnt they nre very suitable. 

The thickness of firecUiy pipes should be greater than that of the best stoneware. With the 
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latter, the IbiclnieBB Bbould never be less than one-twelfth of the inteinal diameter. In the smaller 
sizes this proportion most be increased. A 4-in. pipe, for instance, should be at least half an inch 
thick, while a good 18-iu. pipe need not be more than 1^ in. thick. The depth of the socket should 
increase witli the diameter of the pipe, nothing less than 1^ in. being sufficient in the smaller pipes, 
and something more than 2 in. bemg desirable when the diumeter exceeds 12 inches. 

In laying both tbe stoneware and the earthenware pipes, the joints should in all oases be 
caulked and tarred with gaskin, and laid and finished witn cement, or in some cases clay, in order 
that they may be water-tight. If the cement or day cracks, which it may do, the gaskin may pre- 
serre the water-tight condition of the joint, and is very effectiye in excluding sand, even if subsoil 
water should penetrate. Qreat care is necessary to prevent the pipes moving befure the cement has 
become perfectly set. 

Although the preferable joint may be made of tarred gaskin and cement, mauy engineers con- 
sider that if the jomting is carefully performed, puddled clay is all-sufficieiit for the purpose ; that 
eminent authority, J. Bailey Denton, ia however of opinion that this material cannot be depended 
upon. When the soil is either alwavs dry, or at one time comparatively dry and at another wet, 
and such conditions of soil, it should be Dome in mind, invariably prevail to some extent in the 
sites of all towns, clay is the worst jointing material that can be used. In winter the subsoil water 
rising in the ground wUl probably Keep the soil surrounding the sewers moibt and the clay puddle 
in a state of expansion, while in summer the reverse condition will prevail ; the subsoil water will 
then sink from the effects of evaporation, the soil will become dry to the invert of the sewer, and 
the clay puddle will contract and let the sewage out of the sewer. When once this natural result 
has been produced, all chance of a water-tight condition recurriug will be destroyed. If a sewer is 
jointed with clay puddle at no greater depth than 5 ft from the surface, it must inevitably be leaky. 
P^urtioulars retatln$i; to earthenware pipes have already been given at p. 2656 of this Dictionary. 
With regard to best Portland eement, pipes made of ttiis material are about tbe same expense 
as the best earthenware. The smaller are xatiier more expensive than earthenware pipes of 
the same size. They have, however, some advantage not poaseesed by pipes that huve berai sub- 
jected to great heat in the course of manufacture, tliat is, they are perfectly true in section. The 
pip* s are made of one part of best Portland cement to three parts of prepared ballast, with only 
sufficient water to effect the proper admixture, and subsequently mechanical means are adopted for 
filling the wrought-iron moulds, which secures the complete filling of the moulds without the 
presence of air holes. After the pipes have been thus prepared they are submerged in a bath of 
silicate of soda. By this means any free lime or alumina would thus form insoluble compounds of 
silicates of lime or alumina. In the jointing of a cement pipe with cement, there is a considezable 
advantage ; a simple ogee rebated joint in a cement pipe when luted with neat cement requires a 
very considerable force to draw the pipes asunder, ana answers every purpose. The material of 
which a cement pipe is made is by no means brittle, as a blow that would shiver an ordiuary 
earthenware pipe would simply drive a hole into a silicated concrete pipe. A concrete pipe is 
capable of withstanding the jars arising from heavy traffic over the streets even better than an 
earthenware pipe, but its value very much depends upon the intelligence and oare with whidi tue 
concrete is manipulated. 

When laying pipe sowers, to be jointed either with cement or day, oare should be taken to 
hollow out the bottom of the trench at each joint, so that the full length of the pipe between joint 
and joint may have a perfect bearing ou solid earth. Much depends upon the laying of the pipes 
ill true pobitlou. Wherever the size of the pipe will admit of it, a man or boy should be employed 
inside the pipes as they are being laid, to niake good, with some of the best of the jointing material, 
the inside of the joint. 

If there is any doubt about the efficiency of the tarred gaskin and cement to form a perfect joint, 
a bind of concrete must be resorted to as an additional precaution. 

In Figs. 2147, 2148, illustrations are given of sewers formed of a ring of 4|-in. brickwork 
sarrounded by concrete. Ballast of a very clean description, and cement of the beet quality, well 
mixed in the proportion of 8 of ballast to 1 of cement, and quickly used, will give a very fair 
result ; though where there is any doubt as to the quality of the constituents, the proportions may 
be advantageously altered to 7 or 6 to 1. The composition may also consist of mortar, made 
in the proportion of 3 of sand to 1 of good hydraulic lime, mixed with the same bulk of shingle 
or washed gravel. When prepared, it should be rammed into form while in a wet oondition, and it 
is better to use the concrete in too wet rather than in too drv a state. 

There will seldom be a sewage work, however small, in which iron pipes will not be used in some 
pnrts of the works, either in crossing under rivers, or from one side of a valley to the other, or in 
passing through unsound ground, or in other special cases. To secure the requisite tiiickness of iron 
pipes for any special purpose, it is desirable to make a liberal allowance for possible defects, and 
all pipes should be tested before use by hydraulic pressure. It has been laid down that the resistance 
which a pipe offers to tbe internal pressure tending to burst it, is equal to the cohesive strength of 
its two sides, and the effective area of pressure is the internal diameter of the pipe, and some very 
useful data upon this subject have already been eiven in this Dictionary. 

Wrought-iron tubes are very useful for speciid crossings where a girder form of construction can 
bo adopted, such as, for instant^, when crossing rivers where supporting piers would be objectiunable. 
One method of crossing a river is to support the tube by brick piers and concrete ; the tube 
being wholly surrounded by concrete in its bed under the river. Between the flanges of the tube 
vulcanized indiarubber washere three-eighths of an inch thick are placed, and these are screwed 
together by five-eighths bolts and nuts. 

Two other means of crossing under rivers by iron pipes, are by tubing in a straight line from 
chamber to chamber, and by a deflection. In the latter CHse, a chain may be placed inside which 
may at any time be drawn backwards and forwards so us to stir and set in motion any sedimentary 
subBtanccs whicli might po&sibly deposit themselves and adhere to the pipes. 
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Thera have boon objeotiona nised ftora tims to lime to the taking of Mwera under rlren bj 
in<rerted btfJiodb or deflected pipee, but tliey lisve been Bdranoed more fKim pnjudjoe tbao from 
poalU<ra experienoe. la man; important towns, in this and other countries, aewage bM been taken 
by tbsae mMuis from one aide of a rirer to tbe oiber without difficulty. 

The following briuf memoranda aa to materials ia due to R. BawlinBoo: — 

The bricks to be used in sewer oiinet ruction should be will bomed and sound. For circnlar 
and egg-ahaped sewers the bricks should be specially moulded Co suit tlie radius lines the beds most 
take in tiie work. All bricks should be thoroughly wetted before use. 

Hortar for sever works in all cases should Ira capable of setting iu water, Portland oement and 
lias limes make good hydronlio mortar. The proportions of cement, ot of lima b> sand, shouM 
not exceed 2} of clean sbarp sand to 1 by measure of ground Portland cement or liai lime. If 
clean fnmace ashes or slag are available, thure may be 2 ot sand and ^ of ashes or slag, the wliole 
to be mixed in a, rerolving pan, each panful to have 20 miuntecT grinding. 

Oanorete thonld be made with Portland cement, with Um Ume, or with other eqnally good 
hydraolic lime, in the proportions as under. 

For the beat ooniTete, out of which to mould manhole inverts or lo form sewers, let tbe propor- 
tions be S of gravel and sand to 1 of fresh cement or limo by measure. 

Por Ibnndations, backing to aide walls, and eoveritiga to arch spandrils, the pioportiona may bo 
7 of gimvel and stttid to 1 of fresh cement or lime bj oieusure. 





Omcrete for filling in tri'Dclies over aewers and drains, or where required in Urge massos for 
(bundatioDs, nay be made with 9 of gravel and sand to 1 of fresh cement or lime by measure. 

The gravel may be snbatllated or bo mixed with broken slone, broken tiles, or broken biicks. 
the largest portions be capable of passing Ihtongh a ring of 1} in. in diameler. Tbe taud should 
be clean, ihiup, and in tbe proportion of I t» 8 of tbe gnivel. The whole lime, gravel, and sand 
should be fully mixed in a dry state, and then be wetted by sprinkling with water, preparatory to 
«ing placed in the work. 
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Where concrete la Eabelitated for biiokwnrk in retaining walla, or in walls of ttiDka kiid 
rewrvoira, tlie contrcte abonld be one-tbiid thicker tlian brickwork, tliat ta, where k ret^ning wall 
is required to be 3 ft thick if of brickwork, it should be 1 ft Uiick if of concn-te. 

Betaining walla to be aafe ahonld have oohesioa and gravitj equal, at the leaat, to four limea 
the moviog weight to be retained, and should have dniina throDKh tiieir aubatanc«a, from ba^ 
to front, to penait of drainage, and prevent any accumulatian of water behind the retaining wall. 

Whea mortar is osed with bricka, the hula and joints should be spread thick and full over the 
entire area of both bed and ji'int, leaving, when pressed Into place, a bed and joiot never Iras than 
one-eighth of an inch in thickness of mortar. In i cubic jards of completed brickwork there 
sljoald not be less than 1 cabio jord of mortar inoorpnrated. 

Portland cement concrete and mortar may be so used it) main-sewer constniction as to form a 
sower which shall be water-tight, retnining sewage and exolading subaoil water. Within the 
excavated ttench form with concrete ■ bed for the brickwork. Float this bed of concrete over with 
a Inver of Portland cement mortar not leas than I in. in thickneaa. Bet the iovert and side-wall 
bricks in a single ring of 4^ in., and then give this a covering ofmortarwmilar to the first bed over 





s, and set the inner 4} in. of brick npon it; the work will then be 11 <□. fn thickneu, — 
9 in. of bricks, 2 in, the two beds ofiaorlar. The upper portion of the sewer to be constmcted in a 
nmilar manner if the subsoil water is liable to rise above the top of the sewer. Brick-sewers 
carefully conatrucled in the manner indicated will be water-tight. 

In making mortar or concrete, it will be of the utmost importance to use clean materials and to 

eeserve them clean; the water used for wetting bricks and for miiing concrete and mortar mtwt 
free from silt Concrete and mortar shonld also bo used on clean atirfnaes. 

Sewers from 1 ft. to 3 fl. diameter, if reqnired to be water-tight, may, with advantage, be oon- 
structed partly as a concrete pipe, moulded IJue to shape and size. 

The tmiberingof eicavetions during the laying of sewers will be found desoribed onder the bead 
of Carpentry. 

When artificial foundations have to be oonstmcted in unbTonrable situations, ■ good foundation 
may often be secured by deepening the sewer trench, and filling it np to the level of the sewer ; 
in districts in which rubble-stone or bonlders are plentiful, rough rabble waiting may be reaorted 
(o ; a oontinnona wall of concrete may be constructed nndemealh, or piers of concrete arranged at 
intervals along the course of the aewergOonnected by brick arcbee. The arcbet, as well as the piera 
may be conrtructed of concrete, the efttth being excavated so as to form the natural centre for the 

Figa.2126 to Fig. 2129 are plans and sections of a manhole at the junotion of two aewers enter- 
ing into a pipe sewer, which ia tnmed at a right angle, having an amngemmb for flushing Fig 
2126 U a plan at A A, Figa. 2128 and 2129 sections at D D and EE. The manhole onvet is 
intended to act as a ventilator. The iron pail beneath the cover is to intenepl any dirt which may 
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oome thiongh the TentilatlDgopeiiiD^ from the street or roadnraynboTC. Thii pail abould bemsde 
to swing roand when the manliote dovut is romoved, to admit of entrance. The bottom of tlie 
muihole may be formed out of itoQo, or brick and cement, or may be tnoolded io Portland line 
ooDorete, nith ooncrete fnrn foiuidBtion. 

Figa. 2130, 2tSl are plans Kt BB and at top, Figs. 2132, 2133 KOtiona at H H and II of 
a mnliliole on pipe sewer junction, with flushing arrangements indicated. A light iron sheet, 
to be lowered or raised in a prepareiil gmoTe, is arraiiged to slop haek the flow of sewage or water, 
jwbieh is let off suddenly bj drawing Uie sluice plate. An OTerflow is provided over the top of the 
■Inioe plate when this i« shut down to jneTsnt the manhole fhim being filled above the level of the 
■bnt-down sluice plate. 



Figa. 3134, 2135 ue pUns at L L and at top. Pig*. 2186, 2137 teotioiw at Q Q end PV,ot a, 
manhfde showing an overflow to relieve the sewer from slorm water. 

The head of water to be removed may vary oonaiderabl;, so thai the relief pipe mutt be placed 
lb the manhole higher or lower, aooording as the house connections in the sewers will permit. 

Plgi. 2138, 2139 are plans at H H and at top. Pigs. 2140 to 2143 sections of lamp-holes and 
•ewer ventilating pipes, to b« fixed at the npper ends of tewers and drains, aa well as at inter- 
mediate paints betwixt manhole ami manhole. 

Fig. 2144 is a section on I) B, Fig. 2146, and Fig. 2146 pLm at AA, of an earthenware 
pipe and brick sewer on a steep gradient The end of tlie iaSowing sewer Is provided with 
a light flap-cover, to stop any sewer ga«es &om below, and to compel sewer ventilation at tfaia 
point This manhole provides for flushing, Fig. 2148 being the penstock employed for this 
porpoaein the brick sewer, Fig- 2147. 

The junctions entering the manhole and the overflow pipe are of cast iron, aa If there are 
•everai such mnnhulea to be constructed this will be the best material to nse. 

If elevated pipes are employed for ventilation, tliey may be attached aa at pp. Fig. 2145. 

The brick aewer, Figs. 2147 to 2151, baa well^nanged side janetioni, flushing, and overflow 
arrangements. In other respects similar to Fig. 2144. 

Figs. 21521o21S4aTepUn,BectioiiB,anddetallaof manhole and tnicktewer on a ateep gradient. 
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baviDK ride jnnoUooB uid a sotew-down slnioe amtngement, Ffgt. 2102, 2153, for flaabing wilh 
■D OTOTflow pipe. 

Fig. 2155 IB a section of ft mmp or fall in a maia ■ewer on a steep gradient, haring an invcoied 
BTphon or oast iron, to take the ordiiiar; or dry veather, flow of cewage, and leave the end of the 
main eewn olowd to itop aaj eacape of gas apwards from the aewera belov. 

Fig«. 2156, 2IS7 are aectiona of a caat-iron sewer ventilating grate. 

Figs. 2156 and 2161 are longitudinal BecUan^ Figs. 2159, 2160, 2162, 2163 otoh w«tioiu 
of two flnahing obambera, to be oonatmcted at the upper ends of aewera. The capacity of Um 
flnefaiog chamber will be in proportion to its cross-aeotionat dimeoaiona and its length. Toe ontlet 
and nvw4ow pipea are of oast iron. The nianhulaa to be joined on the end oonnecting with the 
eewer or diain ; Tentilation to bu provided for at the npper end of the chiunber. 




Thete ehambers ma; be Ulled from a 



r main, where there is ao available mpply, <a ftom 



drains bj overflnshing. The best and safest mi^ns will be to gi^e repeated I 
Tolumee followiug at short intervals, as b large body of water suddenly ducharged mnj mpttm tha 
joint* and daiusgo the inverts, which must be avoided. The manhole* and lamp-holee thionBlioiit 
an; sewered district are intended to give facilities for sewer exsminatlDii and eleanaiiig in detail. 
The arrangements here shown and ducribed are intended to be supplemental to maohole* aad 
lamp-holes on tho lines of sewers. 

In caaee in wbich mncb anbaoil water oocnrs, It is onatomary to put in a line of drain pipee 
continnonsly tinder the brick sewer in oider to convey away the snbaoil water, and to give time fnw 
the brickwork to set before being exposed to its octioa. In other cases anrnp-holes are rank onbdde 
the line of sewer, which are oontinnously pnmped ont in order to keep down the snbeoil water to 
a lower level than the brickwork. 

In ordinary cuttings of 20 ft. end nnder, in depth, when eiecnled in good ground, and when tl>* 
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p«iteBt inteinal dimensioD of the »e«er doe* not exceed 3 ft, it is eatUasaxy to build the Bewem, 
whether riroolat or oviJ, with a 41-in. ring of brickwork. Bewen from 3 ft. lo 6 ft. in aiia are 
UBuallf bailt la &-in. brickwork, uid for gre»ter ozm the thiotnesa ia increiued accordinglj. 
Bewers witli rtrmight aidtfl require at least 50 per oent. greater thickness of materiat tlian carved 
sewera of equal dimonaioni. 



a aewer TenliUtor, or 
Bpeoial means forTentila- 
tion Diiut be proviiled by 
nieana of a side chamber. 
The flushing gate ii 
seen in detail, open at 
Fig. 2167, and oloud at 
Piga. 21G6, 2168. When 
closed, tlie gate ia held 
in place hj the chain ; 
when the aewer has been 
filled mfficientl; to give 
tlie required liaBh, the 
chain mav be ilackened 
to allow tLe gate to Inm 
over, and so liberate the 
accumulated water. 

Fig. Z1G9 ia a front 

Ticw ol the ailit faoe, and 

Fig. 2170 a section of 

a mnin nut fall sewer 

brought to the face of a 

i[(4_ Btei'pBea.clifr, aa at North 

Sliioldg and some other 

places. The brick nwer onda, daring ordinoir periods of sewage flow, at n vertical shaft in the 

oliCT, down which a pipe of cast Iron is to be t^en through a bottom tunnel-heading to low-water 

line, or as ma; be otherwise arranged. The sewer is shown continued at O to the outer face of the 

cUC which would discharge on special occasions storm waturs. 

The Mwei ends are shown protected bv hinged fiaps, the outer ono to prevent the wind, the 

8 > 
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Inner one kIso to atop wind, u well as sewage gatee, from flowing back to the sewered and draiDed 

There !■ a manhole, the entire are* being indtoated ae for ventilatioii. 

If, however, it is not oonTenlent to ventilate at this point, the manbote may be covered, and a 
ventilatieg drain be oarried from the manhole chamber to some more convenient point. The man- 
hole mnet be full; venlilated. At the end of the tannel, on the level of the beach, mcons of access 



are to be provided to enter the tannel, and an in>n ladder may be flied in the vertioal abaft to 
enable the enKineer to eiamine, and if neoeasarj, have the pipes repaired. 

In the horizontal tnnnel there is to be a relief valve a on the cast-iron ontlet pipe, to prevent 
bnrating when tbn eewer ia diicharging tolerablj full. Thia relief valve will aI«o liberate ait during 
the riling of the tidee. 

A main sewer outlet to the sea, or to a tidal eetoarr, on a flat shore is illustrated in Figs. 2171 
to 2174. 

The main sewer is carried to a manhole chnmhcr, Fi|;, 2171, having a flap-oovei ; there is a low- 
water outlet, and a top or high water flood outlet The ordinary or dry weather flow oF aewnge 
vrill bo brought from the main sewer to the bottom of the manhole chamber b^ a caat-iron pipe. 
A manhole, with full means for ventilation, is arranged over the commencement of the low-wntor 
pipe, Figs. 2171, 2174, aod the end manhole rhambermnst be fully ventilatod, either at the cov<r 
or by ventilating pipes taken from the top of the obatnbei to some anfe point. 

The bottom pipe in the chamber, Figs. 2173, 2171, maybe taken into and below Inw-wnter line ; 
the upper or overflow pipe may be taken on to the shore below high-water line, and na far as may 
be found necessary. In Fig. 2171 L indicates low water, H' half-tide, and H high wiiter. 

It is intended by this arrangement to permit the tide to rise and fall within the manhole 
chamber in such manner as not to disturb Uie flow of sewage or drive bnok sewage gasee during 
the rising of the tides or in rough weather. 

Figs. 2175 to 2181 relate to a baluiced tidal Sap for a main sewer outfnll. Fig. 2176 is apl kn 
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of the flap at A A, Figs. 2177, 2176 plan sad elevation of bearen. 
Figs. 2179, 218D aide nnd front atevationB, Fig. 2181 seotion. 
The rim of the flap, Fig. 2175, ia made with a wide grooTe, 
in thii IB placed hemp padiine corered with a band of Tuloanized 
indiarBbbBi-, which ia Becnrea by bolts. 

A proper manhole lAamber would bare to be oonttracted, 
simihu to that in Fig. 2I7I, or a modLQcatioa of this fona, m a« 
to protect tlie flap and allow it to work Mfelj. Buch au 
apparatus may be placed on the outlet of an; aewer ending at a 
river margin or on the aoa-ahore. 

Where the character of the ground and the formation of the 
lines of streets will admit of the arrangement, town areas having 
atcep gradients should be divided into zonea, main intercepting 
aewers being fonacd on oontonr lines to receive the Sow fo 
sewage from the upper area and prevent aconmnlation of sewa^'e 
in the low-level system of sewen. 

Manholes and lamp-holes at the JunotioiiB of oommon sewers, 
at the angles of direction, and at changes of gradient, form a 
fundamental feature in systematiD sewerage, inasoiaoh as they 
serve the several pnrpoeea of flushing, examining, clearing, and 
ventlluUng the sewers. 

The sixe, form, and dinraater of manholes vary oonsider- 
ably. Id Figd. 2192, 2158 and 2166 will be found some approved 
deslgiis. 

The mode of entering a manhole is effected in different ways. 
IF it is ooQstruoted after the manner of a vertical shaft, it may 
be entered at once from the centra of the street by removing the 
cover and using the iron steps flied in the side as treads and 
holds, Figs, 2158 and 2171 , while in main thoroughfarea, where 
there is mueh traffic, the entranoe may be more conveniently 
guned bom the pavement or side of the street. Id which oaae 
toe entrance* may be fitted with covera. 



These oo«en are provide^! wilh an inside grating, which allows of the ventilation of tbe shaft 
by the rainng of the outer lid witliont danger to Itaffic When manholes are entersd direetit 
from the streeta Ibe covers should be formed of opened gratings to serve ooustantly aa rentilaton 



InpimoUoe 
tn&e. 
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the opening in the ttieet ii not fonnd to interfoK in aaj icrloni way with the pnblfo 

Whera nuibolM ars intended for mmm to dooi> oi g>t«a fixed In the larger Hwen for the 
pniHMe of fln^inp; them, the ride entnuce poaMase^ eie»t adrantagei over the Tertical one, as Uie 
Diode of conatraetion enable* n TD»n very readily to bring the gate* or dnor-Talvea into action. 

Below the gracing which fomi the covering ol the t^mhole there ibonld be a dirt boi fixed to 
Intercept the «olid matter* whfoh find their wiiy through it. Mid which, if allowed to (all to tlie 
bottom of the thafta, woald obatmct the fiow of the lewage. The poaition of the dirt box in tbs 
mkaholM and lunp-holea la ahown in Fig. 2158. 



The practice of proTidlng ventilating lide chamber* with gratinn in oonnection with man- 
bolaa having tbcmai'lre* aolld covers, li doubtlee* » good one, aa the dirt (klla Into the aide 
ebambei initead of the manliole. 

There are few lyitema of aewcTBge in which the arrangementa are inch ai to render Boabing 
kltngether nnnoceaiuy. Bewage may be eo diluted by foreign water that it latj of it«e]f be 
tuOlclent to keep the tewere clesr, but at the upiiennoat rads of •ewera tliia favourable condition 
cannot be attained, and reconrae moat be hud to somo additional tneana of cleanaing. At the heed 
of all nwcTB there ahunld not only be an incrmced fall given to the Bewer, but aome mean* abuuld 
be provided of admitting water either fhim Ike pnblio water laniu in a town, or frum a water-cart 
In a village, or from a tauk bnilt purpoael j to oollect the rainfall and retain it for uae iu flushing 
durinff dry weather. 

Whete water ia acarce it may be made the moat of by the nae of valve* or half gate* in tlie 



078 



8&NITABY ENOINEEBINa. 



Hwers, Fig*. 2129 uid 2168, whereby it dmi^ b« held back uid let luddealy bet ; thm wsier or 
Beware itself in a comparatirel; amM qoantity may be liiKde to do Rood serrioe. 

HiilfgsteB.FiK.2168,inay beBdvantBgeouBlyoBad is mBuholei wbera ths aewo* are of lu^ die, 
but witli small sawen wbola gatea or valTsa are better. Gataa shoold be made to abut agaiiut tha 
flow and to open with it. Where (be aewera are nude of pipes a simple flap, Fig. 2158, arranged to 
oppn the reverse way, that is. against the flow, fixed to tlie outgoing pipe and made MpM>U of 
being worked by a chain from the tap of tbe toanbole. may be made to do a limilBr doty. 

Penstocks aoawer very much the same ptupoee aa flush gatea, tbon^h the mecbtuiickl arrange- 
menta by which they iu« worked ate different Tbe difibrenoe oopsista iu the peiutook acting 
Tcrtieally, and moring graduall; by wotm and rackwork in ft ohambet doTOted to the pnrpoee, 
while tbe flnsh gate generally worlu on htogea borizontftUy and Boddenly. 

Tlie working of penstocks wdl be Dndeirtood by an examination of Figs. 21S2, 2153. 

The admission of water into sewen is oometimes efleoted by a direct oonnectioD between the 
water supply of ttie town and certuin manholes ; J. Bailey Denton is of opinion that this arauige- 
ment is wrong, and oarriet with it an otgeotion which ronat prevent its genoiai adoptiou, for water 
is a rapid abeorber of sewer gas. 

Where there is a considerable qnaotity of water at command for flushing, the operation fa better 
commenced from the lower ends of the sewera, but where, on the contrary, the water is ecaroe tbe 
fluabin^ liquid must be made to do its fnll amoont of duty, by detention at aereral manhdoa in 
/ — yjg ije^ downwards. 




The gullies now in use differ In their distinguishing features in two partionlars, the one being 
a comparativly shallow reoeptade, covered by a grating, through which the water and the roail 
detritiu pass together into the sewer or surface drain, the other ooQlisting of a catch-pit in which 
the detritus deposits itxelf while the liqnid alone passes onwards. The latter description ahonld l>e 
ionuiablv adopted when the gullies are oonnected with the sewers. 

The depth of the gaily catcb-pit for the interception of the solid matton will depend npon the 
nature of the roadway or street, aa well as upon the inclination of the surfaoe. For pared rtivela 
and regular surfaces, for ioBtance, it will nnt bo iieccBsary to make so great a provlsioo as in oases 
where the streets are inaaulBn]iz«d, and where tbe iaclinations are steep. In Loudon the sizes of 
the gullies vary considerably, some of them holding 40 and others as much as 90 cnblc feet of 
ilepoait. The degree of attention given or rather r^uired to l>e given by local aothoritica to tbe 
emptying of catch-pit gullies may inSuence the sise of^the reoeptaolee, fur the mots (requeatly they 
are emptied tbe less, of course, need be their capacity. They will generally be larger la rural 
towns with macadamized roads than in towna with paved streets. 



by the most efficient means of trapping. This object is effected in most of tbe gullies ni. 

by the common dip arraugeinent ; in others by binids or elbows in the pipe oonnecting tliem with 
the sewer ; and in others by self-acting balance metal valres. Those gidlieH in which the «st<.-( 
itself ia used as a means of trapping nie better tlinn those provided with uietBl Instance valvea. The 
liLlter ere sometimes used where the rood dctritue and other solid matlere are admitted into the 
sewer. They nre subject to denngement by a portion of the solid matter resting on the valve and 
pruvontiug its closing perfectly, in which cose the gasea wliich tbe valve ought to exclude (acspe 
into the street or yard. But even if tbe valve shuts closely when not In action, directly it ia 
opened by the furce of the dpsoendirig water and its solid matti'ra, (he gases tliat Lavs collrcted 
InueuUi it will ri»e upwards and esi-ape. The dindvanlage of using water as a meaus of tn^piug 
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oonsifltB in the hci that the water is apt to be eyapofated, and it is oooasionally neoesaaiy to fill the 
receptacles with water by hose or water-carts. 

A gaily is an opening provided for receiving snrfiioe water or waste. A trap is a barrier placed 
between the sewer and the external air. Gullies and traps are closely related, for although we may 
have traps without gullies, no modero gully can be conaiaered complete without a trap, and the trap 
and the gully are often so constructed as to be inseparable. All gullies and traps are now formed 
either on the water trap or valve trap principle, or by a combination of both. Water traps 
usually partake of the character of an inverted syphon, and are liable to become untrapped 
from running full bore and actiog as a "syphon proper, in which case the induced current tends 
to create a vacuum below the trap ; air follows the flowing water, and drives or sucks out suffi- 
cient water from the trap to leave the aperture unsealed. The remedy for this defect, which is 
constantly occurring in the case of small pipes, is to provide free ventilation below the trap, to make 
the trap of rather larger bore than the pipe communicating with it, and to cut off all direct com- 
munication with the drains. Another, and not uncommon, cause of the failure of a trap is the 
entry of some substance which will act as a syphon, and drain all the water out of the trap, leaving 
it unsealed. For example, the traps of sinks are very apt to become untrapped in consequence 
of a thread or two of a dishcloth entering and hanging partly in the water of the trap and 
partly down the drain, when it acts as a syphon and drains it. The only remedy for this defect 
IS the exercise of constant surveillance. Traps are also particularly liable to fail from the evapora- 
tion of the water which forms the seal. Valve traps are more defective than water traps. 

Mechanical or balance traps have been used lx>th in soil pipee and in connection with water- 
closets and g^lies. 

Storm overflows serve as safety valves to the sewerage system, and should be placed m such 
positions that a direct communication with the sea, river, or watercourse forming the natural outfall 
of the district may be readily gained. The precise shape they should take and the mode of con- 
necting them with the sewera will be determined by locid features. Figs. 2170, 2171 exhibit over- 
flows, one into a river and the other into the sea. 

Self-acting valves or flaps, of which Figs. 2170, 2180 are examples, are also necessary provi- 
sions in most sewerage systems. Such contrivances are undoubtedly necessary wherever the 
sewers discharge into the sea, or into a tidal river below high-water level, not only to prevent the 
inflow of the sea-water, but to keep out the wind and prevent the driving back of the sewer gases 
into the streets and houses in times of storms. Flaps are sometimes advantageously affixed to a 
sewer as it passes through a manhole, in order to prevent the onward passage of sewer gas generated 
below. By appending li^ht flaps in manholes built in sewers with steep inclinations, the escape of 
effluvium may oe so evenly distributed as to avoid objection. Flaps are sometimes affixed to the 
junction of minor or private communicating pipe sewers with brick sewers, and are extremely useful, 
if well executed* 

Denton observes that all tidal valves should be truly bolnnced and self-acting, so as to yield to 
the slightest pressure. They should be close fitting, to exclude the outer water, and also, when 
facing the sea, be protected from the direct action of the waves, as the sudden motion of the valve 
badcwarda and forwards gives impulse to the sewer air, and causes it to force its way upwards into 
houses in defiance of traps and syphons. ^ 

In every system of sewers, and even in the drains of blocks of houses, public buildings, and larse 
private houses, it will be advisable to prevent the acoumulution of sewage gases. The manhole 
chamber arrangements due to Bawlinson, Fig. 2152, are designed to show how by ramps or tumbling 
bays, the rudi of sewage down steep gradients may be arrested, and the upflow of sewage gases be 
stopped by the flap covers on the ends of sewers and drains. This form of arrangement may be 
adapted to sewers and drains of all forms and dimensions, as also to closet pipes, pipes from house 
sinks, and overflows from house cisterns. A main point is that sewers and drains ^ould not be 
continuous flues up which sewage gases can flow, accumulate, and concentrate, but all sewers and 
drains should have points of interception and of ventilation calculated to subdivide and liberate the 
fresh gases at numerous safe points, externally. That is, no sewer or drain must, under any condi- 
tions, form one continuous tube or flue ; neither should sewers nor drains traverse the basements of 
buildings, public or private, but be outside the main walls. 

It is to be regretted that the several means adopted for the ventilation of sewers have fiiiled in 
the attainment of a satisfactory result. It is hardly necessary to say that wherever sewer gases 
escape into dwellings thev have an injurious, if not a dangerous, effect, and that everything that 
can be done should be efrected to prevent their entry. Uniform aeration seems the only means of 
ventilation which is at all of service. 

Much has been said in favour of the use of charcoal to purify effluvium ; but the efficacy of charcoal 
depends so much upon its being kept free from dust and in a dry condition, that its purifying functions, 
when used in connection with sewers, soon cease to have any effect. Where, therefore, aeration can 
be gained by manhole and lamp-hole openings at regular and frequent intervals throughout the 
sewerase system, with occasional shafts for ventilation only, aided by private ventilating outlets 
above owellings, recourse to charcoal is undesirable. 

The following remarks upon the matter are due to Waring ; — 

*' The principle of the ventilation of a sewer is practically the same as that adopted bv builders 
for the prevention of dry rot. The fungi which cause this rot in timber cannot produce their 
germs in a current of air, and if a sufficient number of ventilating openings are made, communi- 
cating with each other, the action of the wind from one side or the other will cause a sufficient 
current So in a sewer a continuous movement of the air in one direction or the other carries away 
and dilutes sewer gases, and if they contain germs of organic didoase capable of infecting the 
human blood, these are believed to be destroyed by oxidation or otherwise. 

** A safe sewer always has a current of air passing through it, and if it contains sewage matters 
at all, these also must be in constant motion. On this incessant movement of the air and the 
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liqnid must we rely for our only security. A solaiion of sagar in water, remaiaing stagnant, and 
protected from a free circulation of air, will enter into a vinous fermentation. If well ventilated 
and agitated, no such fermentation takes place. It is asserted that the excrement of a typhoid 
patient) continually agitated in contact with fresh air and a fair admixture of water, passes throogh 
a series of complete chismical changes, with no injurious product ; but if allowed to remain stagnant, 
if not freely exposed to the air, or if it gain access to human circulation before a certain oxii&tion, 
it will« like a ferment, reproduce itself and give rise to the conditions under which it was itself 
produced. Motion and aeration are therefore needed to prevent infection, which is sure to be 
generated when typhoid evacuations are confined and stagnant. Unventilated and badly con- 
structed sewers are suro agents for the propagation of the disease when once it has taken root. 

** The resulting gases of sewer decomposition are the vehicle or medium for the conveyance of 
infection, and from their lightness they give rise to a rapid diffusion, owing to the eagerness with 
which they seek means of escape at the higher parts of the sewer system, that is, in house dialnsy 
soil pipes, and connections. It may not be possible entirely to prevent the development of the 
poison in even the best arranged sewer, but it is possible, by a free admission of air, to supply the 
oxygen which will take away its sting and render it harmless, ^wers which have laj^ and 
frequent openings at the street surface, and through which the liquid contents have a constant 
flow, may give forth offensive smells, but, if they have proper attention, sanitary evils do not often 
result. 

** Sewer gas, when largely diluted on its escape, at frequent intervals, into the air of the street, 
is probnbly nearly or quite innoxious, but when it forces its way into the limited atmosphere of a 
closed liviug-room, the poison, or the germs of disease accompanying it, may easily work their fiatal 
effects. 

'* Sulphuretted hydrogen is found in all sewers in which the sewage itbclf or the mucous matters 
adhering to the pipe assume a certain d^-gree of putriiiity in the absence of a sufficient supply of 
fresh air. This gas is extremely poisonous ; so much so tliat one part of the gas to two hundred 
and fifty parts of atmospheric air will kill' a horse. At one-half this inteubitv it will kill a dog. A 
rabbit was killed by having its body immersed in a bag of it, although its head was not inckwed, 
and it could breathe pure air freely. 

*' One of the most frequent sources of pressure upon the air within a sewer is the increase of 
temperature ariaint^ from the hot water escaping from kitchens and baths. The repeated expan- 
sions and contractions caused by the admission of hot and cold water produce a constant effect on 
all water traps connected ¥dth unventilated sewers. With ventilation, the breathing in and out, 
as the air of the sewer contracts or expands, does not affect the water traps, because an easier 
passage is found through the ventilators. 

** The constantly changing volume of water in many sewers, as has been before stated, exerts a 
powerful influence on tlie conflned air. As the water rises it reduces the air space, and if it 
reduces this to 6ne-ha1f, it brings to bear upon the air a pressure equal to a column of water 
SI ft. in height, and this pressure is relieved by a forcing out of air through the most available 
channel — the channel where there is the least resistance ; if there is no other vent, a sufficient 
number of water traps must be forced to allow the pressure to become reduced. It being reduced, 
and the water falling again to a lower level, a vacuum is created which must be supplied by air 
forcing the traps in a reverse direction, and in either case the forced trap may remain open for the 
free passage of foul air until another use fllls it with water. In the ebb and flow, too, a part of ihb 
perimeter of the sewer is made alternately wet and dry, with an aooompanying production of vapour 
and gas. 

*' As the chief domestic use of sewers is between morning and noon, and as at this time the 
most hot water passes into them, the preasmre on tlie air in the sewer is during this period increased 
both by an elevation of the temperature and by a reduction of the air space. Then, from about 
noon until the next morning the quantity of the flow decreases, the aur space increases, the 
temperature falls, and more air must be admitted to supply the partial vacuum created. 8udi 
fiuctutttions are constantly occurring, accompanied with a drawing in and forcing out of air, for 
which ample passage must be made, independently of the water traps of houses, or sewer gas will 
surely enter them. Where proper air vents are provided, this ebb and flow of the sewer may be 
inert ased, with great advantage in the matter of ventilation, by artificial flushing arrangements, 
which will allow the water to be dammed beck and released at frequent intervuls. 

The success of the drainage will depend both upon the position and the number of out&lls to 
be brought into operation in a district. As a rule it is usual, in constructing sewers, to lay them 
in ihe direction of the natural falls of the district, consequently the outfalls of sewers are almost 
invariably found to be located in the valley of a river or stream which naturally provides for the 
drainage. But as it is advisable that the sewage should never be allowed to intermix with the 
water of the country, provision must be made for either purifying the sewage before passing it into 
the fresh-water streams, or, as in the case of sea-coast towns, to lead to such a point as not to 
become the cause of offence. In inland towns there are chemical or mechanical systems for 
precipitating or deodorizing the sewage. The plan that has hitherto proved most successful in 
purif'yine the sewage of an inland town is that of utilizing it in its fresh state on properly 
prepared land. In sea-coast towns it will generally be found most economical to carry the sewsfi^ 
directly out to sea ; but in some cases, as a matter of precaution, the sewage may be required to 
be filtered, or otherwise treated, before being discharged into the sea, as prevailing winds may blow 
floating matter on to the shore. In some towns, a system of interception hereafter referred to, 
with two or more outfalls, may be advantageously introduced in order to diminish the cjst of the 
system of sewers, and establish the economic disposal of the sewage. 

There are two principal ways in which excrcniental matter may be dealt with, the dry system, 
and carriage by water. The first is the most rational, as well as the most consibtent with public health 
and with national prosperity. The weak part of this system, however, is that, while it disposes of 
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excreta, it leaves untouched all the other aewage, which wonld still require to be removed by water 
oarriaffe, and be purified, of course, before passing; into a river in the same way as if it contained 
the whole excreta. While, therefore, upon economical and sanitary grounds, water-closets, espe- 
oially in houses of the smaller sort, ana in public works, jails, railway stations, should, as far as 
poesible, be replaoeti by an efficient dry system, the adoption of this course will not very much 
lessen the amount of sewage to be dealt with, or render its purification less imperative. 

When water carriage is used, the followiog methods may be employed for the disposal of the 
sewage: — 

Running it into the sea, or into a tidal river, under conditions that will prevent its return, 
irrigation, intermitteat filtration, purification by precipitation, lime, sulphate of alumina, or by the 
A B C system. 

The diT method includes pan closets, earth closets, Gk>ux system, Stanford's system, Oarbon 
Fertiliser Co., Liernur's Pneumatic system. 

These various methods will be briefiy considered in their relation to the requirements of a large 
city. 

Water irrigation carried on in warm weather is exceedingly unhealthy ; in fact, a kind of fea 
is made of the large area of land the water id run over. Where the water is foul, that is, not 
purified by precipitfttion, the odour, particularly at night, and upon still damp evenings in 
autumn, is very sickly, and that in all these oases a g^reat deal of disease prevails. With regard to 
sewage irrigation, the sewage forms a deposit on the surface of the ground ; that deposit forms a 
cake of organic matter, and when it is in a damp state, as it usually is, gives off in warm weather 
a most odious stench. 

It is right to add, that at many places no evil effects have been traced to the influence of the 
fiirms irrigated by their sewage, and that many of the most reliable authorities confidently affirm 
that sewage farming is not attended with injurious effects upon health. 

Crookes makes the following observation on sewage fanning ; — ^The finest manurial qualities 
are possessed b^ the constituento of sewage, bat the irrigationist is so wasteful in their application 
that, in the majority of cases, there ensues not a healthy crop, but a mass of overgrown rank grass 
material of no more nutritive value than weeds ; for it most be distinctly remembered that this is 
not a question of manuring with sewage when necessary, but the compulsory application of enormous 
quantities, in season and out of season. 

The quantity of land that appears to be necessary, under favourable circumstances is about an 
acre to each 100 of population. There is another aspect of the irrigation Question, that on a skil- 
fully conducted sewage fiurm, as contrasted with an ordinary agricultural farm, the cost of labour 
amounts to three or four times the sum usually expended an acre, while the produce is, at the same 
time, greatiy augmented. The question arises whether, if it costs a town, say 10,000^ per annum 
to purify its sewage by chemical treatment, and then to run it into a river or into the sea, and a 
like sum is lost in the working of an irrigation farm, is there not the manifest advantage gained to 
the country bv a large expenditure in the wages of labour, and the greatiy increased supply of food 
for man and oeast? Given, therefore, a sufficient quantitv of land at a reasonable distence from 
the town, and firee from a resident population; and looking to the superior effluent produced, 
irrigation presents the most perfect means for the disposal and purification of sewage ; and it is 
oonaistent with the facts that, if the levels of the land are suitable for the reception and distribution 
of the sewage without pumping, and if the land is obtainable at an ordinary agricultural value, a 
sewage farm might be made to yield a profit. 

Purification by chemical treatment has been much misunderstood, and consequentiy discredited. 
Because it has not done all that has been claimed for it, some have been inclined to regard it as a 
failure, and unworthy of consideration. Severol processes have been advocated for purifying sewage 
by precipitation, and at the same time manufacturing from the sludge obtained a manure which 
will be saleable at a considerable price, under the name of native guano, or some other high- 
sounding title. The purification of the sewage is possible, and has been carried out successfully, 
but the sale of the so-called manure, except in insignificant quantities, appears to have failed of 
accomplishment. And this is not to be wondered at ; for the preoipitnut, whatever it may be, 
while it removes the solid matter of the sewage, together with the phosphoric acid, leaves in the 
effluent water all, or nearly all, the ammonia and all the potash salts, these constituting by far the 
most valuable part of the sewage. All hope of makins anything of the precipitate or sludge 
should therefore be abandoned ; but that is no reason why the process should not be adopted for 
the purification of sewage. 

The matters removed by lime and by alumina, which are practically the only precipitants that 
have hitherto been employed, are solid matters. Phosphoric acid, fatty acids of soap, nitrogenous 
organic matters, vegetable colouring matters, magnesia. 

The nitrogenous compounds and the ammonia in the effluent soon become oxidized, less rapidly 
in salt than fresh water ; and the oxidation is greatiy facilitated by passing the purified sewage 
through a porous material, with free exposure to the air. 

of all the substances proposed for precipitation, the one that appears to be most capable of 
general application is lime. It can be bad everywhere, is cheap, and effects a sufficient pnnflcation 
to enable tne effluent to be passed into a non-potable running stream or tidal river, especially if 
the precipitation is supplemented by filtration through some form of charcoul, or by running it over 
a limited extent of suitable land thoroughly drained. It has been ohjected to the lime process 
that the effluent soon decomposes, while that from other precipitants, being neutral or &intly acid 
resists putrefaction for a much longer time. But the lime effluent also readily oxidizes, and as the 
organic matter in the purified sewage must be oxidized, the sojuer this is accomplished the less 
likely is it to produce injurious o(;nsequences. 

Under any system of precipitation, it is most important that the sludge should not romain long 
in the bottom of the settling tanks; whenever it is permitted to accuoiulate for a week or t«o it 
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fermentg, tfaiowB up bubbles of the gaaeonff products of decomposition, and aerres to render the 
efiQuent offensive. 

Wm. Sbelford, in vol. xlv. of the Minutes Inst G.E., gives an interesting account of some 
experiments with Oampbell's process. This oonsiits in adding phosphate of lime in a soluble state 
to the sewage, and in precipitating it, after sufficient admixture, by a farther addition of lime. 

The plant consisted of an ordinary hand pump for raising the sewage ; two mixers worked by a 
continuous shaft from the hand pump, so arranged as to prevent the subsidence of the chemicals 
in the water with which they were mixed, and at the same time to bale the due proportion of each 
into the sewage ; a mixing trough for effecting the admixture of the chemicals with the sewage ; 
a series of six concrete tanks for the precipitation ; a series of filter beds for partly drying the 
sludge ; a Milburn's drying machine for completing the dried manure. 

The two mixtures were an adaptation of the water-wheels employed in Alpine rivers for raising 
water by buckets attached to their rims. Each of them consisted of a wheel which revolved in a 
suitable vessel containing the chemicals, diluted with water, at a sufficient velocity to prevent Uieir 
subsidence, and at the same time by means of cups attached to the ends of the spokes the right 
quantity of each chemical was raised and thrown into the trough containing the sewage. 

The mixing trough, made like a "salmon ladder," was first applied by Sbelford to these works, 
and was found to be so convenient and economical, that he afterwards used it elsewhere on a large 
scale. 

The tanks were arranged so as to be capable of use for the treatment of the sewage either 
during its continuous fiow through them, or bv intermittent fiow into each, and then allowing the 
sewage to remain at rest during precipitation, but without stopping its flow into the works. Each 
tank was a cube of 4 ft., and held about 415 ndlons. The series of six held 2500 gallons, or 
twelve hours' fiow of sewage. When worked oy continuous flow, the two first tanks are used 
alternately and receive moat of the precipitate. From these the flow of the sewage is directed 
through the remainingfour, but any one of them can be emptied and cleaned by shutting it off 
with sluice boards. When worked by intermittent flow, the tanks are filled, and after a proper 
lapse of time for the deposit are cleaned in succession. 

The fllter beds for partly drying the sludge were of the commonest description. 

Milbum and Go.*s machine. Figs. 2182 to 2186, for drying sludge, was ubo adopted, and gave 
excellent results. 

It consists of a floor or bed formed of cast-iron plates, on to which the wet sewage is fed. 
Beneath this floor, at the feeding end, is the furnace which is covered in with a firebrick arch, 
terminating in a double bridge. In the bridge are openings through whidi the heated products 
of combustion pass away under the iron drying fioor. The brickwork furnace crown prevents the 
floor being overheated at that point which would cause damage to the manure. The heated 
air from the furnace after passing under the floor returns over it, through the drying chamber, 
which forms a flue, the hot air carrying with it the vapours arising from the drying process, which 
pass away together through a chimney over the feeding end of the machine. A cast-iron frame is 
placed over the drying bed, and extends nearly the whole length of the floor. This frame 
IS movable, and it carries a series of transverse bars which form scrapers, Figs. 2182 to 2184, the 
edges of which rest upon the floor. The frame also carries a series of slowly revolving agitators or 
rakes, which are placed immediately between the scrapers, and which move to and fro with 
the frame. The auty of these agitators is to stir and break the manure up at the wet end 
and alon^ the bed until it is dry, when their action causes the manure to become pulverized, until 
at the exit end it is in a finely powdered condition. On the top of the frame are brackets arranged 
00 as to form vertical slots in which crank pins work, the cranks being attached to gearing at csBch 
side of the machine, and the whole being so arranged as to revolve together, as in Fig. 22&4. The 
vertical slots are equal to the MX length of the stroke of the crank, so that at each stroke 
the frame is moved slowly to and fro. The transverse scrapers sweep the entire sur&ce of the 
bed, and by keeping the manure in constant motion prevent its caking on the iron plates. 

On the top of each of the slots, or crank-pin guides, is mounted a movable stop block, which is 
adjustable by means of a screw, and by which the length of the slot is increased or reduced 
as required. Accordiog as the slot is longer or shorter, so \b the frame lifted to a greater or less 
height at its backward stroke when the scrapers and stirrers pass over a portion of the manure. 
At the return stroke each scraper passes on a portion to the next scraper, and thus the manure 
padually travels the whole length of tlie plates, untU from a wet coherent mass at the feeding end 
it becomes a dry powder at the delivery end of the apparatus where it makes its exit. The drying 
floor is covered in with iron plates, whi(di are canied on the top of the frame, thus inclosing the 
manure whilst being dried, and forming the return flue already alluded to. If it should be tbund 
desirable to destroy the noxious gases, that is effected by means of a special frimace, through 
which they are forced, and in which the^ are entirely decomposed. 

Experiments were made to determine the best proportion of chemicals to be used, and it 
was found to produce a good effluent water, was a dose of 10 lb. of superphosphate and 3 lb. of 
lime, or a total of 13 lb. of chemicals each 1000 gallons. The effluent water as it left the works 
was either neutral or gave a slight alkaline reaction, and was more suitable for irrigation purposes 
than raw sewage. 

The precipitate, or sludge, when run upon the filters, contained 90 per cent, of water, and was 
about 1 ft. deep. The heavier matter at once subsided, and left the water on the top; but 
in consequence of the absence of clay, and the porous condition of the sludge, the water percolated 
through both it and the filter, until a comparatively solid stratum of sludge, of the consistency of 
mortar, was lufi The filters were found to work best when the partially dried sludge did 
not exceed 3 in. in thickness. The sludge when shovelled off the filters contained 80 per cent of 
moisture, and was accumulated for two or three weeks in that state wiUiout being at all offensive 
until a sufficient quantity had been prepared for Milburn's machine. The sludge from Campbell's 
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proodBB ftppeftn adi^ted for drying by filtration, a dronmstanoe dae to the abaenoe of clay in tbe 
precipitants employed, to tbe laxge proportion of chexnioalB compared with tbe sladge, and to their 
porous condition. Its importance can hardly be overrated, inasmaeh as it solves the difficulty 
of drying, which has been more troublesome than any other mechanical question. Experiments 
and analyses showed, moreover, that the value of the sludge was not affected by its filtration, 
whilst the quantity of moisture abstracted by it was at least one-half, even after the sludge 
had been brought to much greater consistency by draining off the water as it collected upon 
the surface. 

The value of the manure corrected to contain 18 per cent of sand and 10 per cent of moisture, 
tlius showed a margin of 5s. a ton after pavment of expenses. The worst result showed that the 
manure was worth about sufficient to pay tbe cost of the chemicals and leave a margin. 

218t. 





2188. 

Precipitation by a solution of sulphate of alumina mixed with the sewage, and afterwards 
neutralized b^ lime, has the special advantage that the bulk of the sludge is sensibly less than that 
obtained by lime. 

The ABC process was made the subject of a special series of investigations by the Bivers 
Pollution Gomnussioners, with the following conclusions ; — 

The process removes a large proportion of the suspended impurities from sewage, but rarely 
is this removal so complete as to renaer the effluent sewage admissible into running water. 

The ABC process removes a very small proportion of the soluble polluting matters from sewage. 
After treatment by this process, the effluent sewage is very little better than that which is obtained 
by allowing raw sewage to settle in subsidence tanks. 
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The maninre obtained by this prooeBs ha* a yerj bw market ralne, and oannot repay the coat of 
manufacture. 

The manipulations required for the extractions and drying of this manure are attended with a 
nauseous odour, especially in warm weather, and would oooasion a serious noisanoe if the works 
were situated in or near a town. 

The name of the process has been taken from the initial letters of the three subetances con- 
sidered essential to the process, alum, blood, and ehky, but other substances have been used, and the 
mixture of substances has suffered a great Tariety of changes. T^e following is stated in the final 
specification, as proportions which have answered well for ordinary sewage : — 



Alum 600 parts. 

Blood 1 

Clay 1900 

Magnesia .. .. .. 5 

Manganate of potash .. 10 



19 



»> 



Burnt clay 
Oommon salt 
Animal charcoal 
Vegetable charcoal ,. 
M^;neBian limestone 



25 parts. 

15 

20 

2 



91 



t« 



The quantity required is stated to be about 4 lb. a 1000 gallons of sewage, equal to about 
If tons a million gallons. In singular contrast to the above are the proportions most recently 
employed at Leeds : — 



Alum, or sulphate of alumina . • 3 parts. 
Charcoal of some kind .. .. 8 



»» 



Clay 6 parts. 

Lime 12 ^ 



In this mixture the essential ingredients appear to be alum and lime, the latter being used in 
considerable excess, as appears from the composition of the dried sludge. As regards clay, it is a 
fact that sewage of some towns contains already too much of that substance ; and what is added 
only increases the bulk and weight of the sludge, without offering any compensating advantage. 
One object of the addition of day is to ensure rapid precipitation ; but this appears to be equally 
well attained by the use of lime alone. 

If a system of precipitation is adopted, the disposal of the sludge will be one of the most im- 
portant elements in the calculation of cost Probably it might be used to some extent for filling up 
wasto and low-lying land ; but, if not required for this purpose, it must be deposited in the same way 
as any other kind of soil. 

Intermittent filtration as a means of purifying sewage has been carried out quite suocessfblly by 
Bailey Denton at Merthyr-Tydvil : but the conditiona are there so exceptional, that there are very 
few places where the proceas could be pursued witti equally satisfactory results. 

liany places are so situated that a watoiHsarriage system for the removal of the excrete is 
almost an impossibility ; and there are laree towns where, even when a system of drainage has 
been carried out at enormous cost, the difficulties of dealing with the polluted waters at the outfall 
appear so insuperable, that a return to the pre-existing midden system, or to some form of inter- 
ception, has become almost a matter of necessity. 

2189. 




Even where a water-carriage system prevails, some plan of removing bouse refuse, ashes, and 
dnst, some dry system of collection, mast also be in force ; while an interception system, however 
carefully it may be carried out, still leaves a vast quantity of slop water and surface drainage to be 
cleansed and defecated at the outfall. 

No i)lan, however, will serve if there are leaky and pervious cesspools, an absence of proper 
'irinals, ill-paved roads, and the filthy habits in the population generally, and difficulties may be 
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ndooed to » mlnlmnin br careAil ntTengerlng and atriot (nperrlBloii, both of irhioh dntlea mnit 
be ancompHimiiiiDelT »'>i earefoUy perronn«d in til towni Mid areas where cleanlineM ii sotight 
aR«T and enforced. The CoUowiDg aocennt ot the Tarions fomiH of dry ifloaeU ii Inm a paptf bT 
O. B. Bedgtave in Trons. Iiut O.E., 1B75-6. 

The term ioteroeption impliea the excloslon (rom the Kwera or diaiD* of at] tooal matteni, and 
the poaaibilitf of Interoeption inTolTes the eziateuce of a ijBtein ot aewan, which may, howeTsr, 
haTe bewi laid down for Uie remoTal onlj of aorfaoe irater and alops. 





A midden or dr; clcMot ahonld nnder anj oironmitancea be constmcted of non-potou* materials 
and fumiahed with a dniu to oarry off the eioesa of tiqnidi, and it ia an advantage if il bo* a 
Rimple arraaKement for deodoriting the oontenta with ashes or some other available material which 
reqnires the fonn to be modiSed K that this may be aooomplithed readily. 





Figi. 2187, 2ISS illustrate Rich nn arrsngement as used at Nnttingham, and Fig. 2IB9 is n 
inodiHvatton of this form employed nt Stamfcird. In these examples the reeeptaale is oonoave, in 
order tiiat the dejection may gravitate to the centre, and the brickwork is e*wfnlly cemented on the 
inside to render it impervions. There is also a special opening, throngh which ashes or earth may 
be thrown on to the contents, and a shaft is carried np for ventilation. The riser of the seat is of 
brldkwork, or of !-in. stone, the floors in both oases being also of non-poroaa malarial. Fig. 21BEIis 
the better aRsngemevt of the two, for here the seat is hinged so as to throw ttp and pormit of the 
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uh«a beinff sprinkled on tlie foeehly depoeited eontenta, and u the fit is shallowc., 

taoro freqaent cleaiiidiig. The middea, Figs. 2190 to 21S2, is of glaied Btone-wup, provided with 
an overflow pipe oonneeted with the sewera, *iid it a good t;pe, the eoet being smitll, while the 
danger of Iraikage U avoided. > i« the «oiI pan, 1 Die tmpped overflow, c the ceeapool, p a 
pBiforated pitch-pioe cover, btkI a a oovered nali-pit, from which aooeas caa be had tlirongh an 
opening, as at the bock on the level of the conrt. Wliere potaible it is an advantage, wlien the riis 
ra the midden is reduced to a mere spaoe nndementb tlie seat, where this is formed of non-porona 
materials, or furnished vrith ready means for tbe remnvul of its content*, which mnst tuke place at 
the ahOTleat possible intervals, of this class, thoee employed at Unnchester and Ball. Figs. 2193 to 
2196, and Pigs. 2IS5, are good specimens, a is the ash-pit, * the tiottom, g the uir-shaft. Fig. 

2193 hsa a glazed earthenware sloping bottom, with a door conr"^'"~" — '---•» ^.i__ .i._ 

wnioh operation faikea place formigiittj. Fig. 2195 




be emptied weekly; the emptying take* place from tl 

■eat being made movable for ibe pnrpoBe. which renders the plan somewhat defective. This latter 
arrangement, moreover, has less coUTenienoea. 

Figs. 2197, 2198, illnstiate a midden that baa been nsed at Stookport and Leeds. Here a tnngfa 
t, placed nnder tbe front put ot the seat oonveTS awav the mine to a aepeiate receptacle, or ditect to 
tbe drains. B; this means, not only are the midden contents kept mneh dryer and an entira 
immnnitj ia secored from splaahing, bat a smaller quantity of deodoriser can be employed fbr Uie 
•oltda, Bud there la little offensive smelL Fig. 2198 is a section of tbe centre line of Fig. 2198, 
d is a shaft, r are risers, which are made to open and serve as shoots, e the ventilatiDg fliM bona 
the shaft, S is a step and child's seat, and i a seat for adolta. 

Uany of the Brrangementa of theae middens have been entirely altered by adopting movaUa 
reoeptaclrs, conaiating of either tube, pans, or pails ; the simplest arrangemeDt of this kind ia 
mereir a wooden box, placed nnder the scat so that when full it can be tipped into a ■oavenni'a 
cart and replaced. The difOcnlty of aleamng out the acglet of tbe bos at flrat made use ot| ana ita 
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non-adaptation to sloaeta of difftteiit ibapfls, l«d to the empbyment ot ord or round tab-shaped 
raMptaclee; nicb uethoM !□ the UoozBTitem uoed at Bochdnle, Pig. 2199 being plaoed onder the 
oloaet-Beat The Qous tnba are lined vitli lome abaorbent refiiBe material, nniinfld ronod a mould 
oroore. Fig. 2200,irblchi4 allowed to remain in the pail nntil joat aa it Ea abont to be placed nnder 
the BM^ the oora is then withdrawn and it ia then readj toi am. 



E 




The proportion of sbMrbentB in a li 

18 in. diameter would be abont two to ( , ... .... 

would be inanfflcient to produce a dry man in the tabs when oaed for a week ; and esperienoe haa 
diown tbat after being in nte for «e*etal dajt, the absotbiag power of tbe lining it already 
eTaporaled, and the oonteiits become liquid. This tjeiera baa been tried io eeieral parts of 
EJngknd, bnt it would appear that altbongh it remoret the ri»k of eplaabing. and does awa; with 
mnch of the nnHigbtUnefla of the conteuti, il ii atiU a nniaanoe, and the abatvbent, Inaomuoh aa it 
adds weight to iBe pall, which haa to be oarried to and lioni the honaea, ia rathar a disadTantago 



than otherwiie, bom a mannrisl point of view. After trial at Boobdale, thia ifitem has beeii 
modified bj llie anployment of a pail, aimilsr In oTerr reapeot bnt omittinK the abiorben 
The tnba em^o^ed eoniiat of a paraffin cask ent in half and fUmiabed with handlea. i 



ones, and as tbej only la«t abont half tbe time, there does not appear (o be much advantage from 
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thMr OMO, althongh tbey Me oommon Id some ^ftce*. At Binntaighun, nlraaiaed tala, Fig*. 
3202, 2203, are In general uae. The closeU in Rochdale are all numbered ooDwcativelj, anil * 
^tematlc coUectinn from each of the ail dUtriolB into which the town is divided, ia carried mt ; 
bj a well arranged mode of booUteeping the oollectora are ohecked in their work, and kit (xoiMOn 
at once aacertainecl, the work bein); done in the daytime, and ever? doaet emptied weeklj. The 
closeta are provided with a door givinB; aooesa to the space ander the aeat, and when tbe tab ia 
removed it ta at once covered with a lid and plaoad in a van, Figa. 2204. 220S, while a clean tab 
omtaiaing a snull anppl; of dJaLnCecting fluid ia aubatitated for a fall one taken awaj. Each van 
la arranged to hold 24 tuba, and makea S jonmeja a daj. In 1874, 5 of aueh vans in fall work 
collected weekly from 3354 cluaeta in all parta of the town. Tbe aahea and booae tefnaeare depoailed 
In a aeparate tub, but oollectcd at the same time- 
In many aaei uttempts have been made to deodoriie the excreta by the application of abaorbeat 
raaterlala, either alone or in aaaociation with the pail ayatem. At Uancheater a form of aah cloaet, 
Figa. 2206 lo 2208, ia eitenajvely naed. Fig. 2208 ia a plan above the seat, Fie. 2206 a aeotioDal 
elevation, and Fiir. 2207 a plan of the floor. A cinder alfter K ia here attached to the cloaet, and 
worka in combiDatioD with a pail reoeplMle R. Thla sifter ia ao arranged that the aah ia diiedod 



by a alioot on to the oontenta of the pail, and the cinders &dl into a bucket, whence they may bo 
tuken for rebuTEiing ; It would appear, howevur, that there ia little to be gained in tlie method 
of cleodorizatioi) by die urn of aahea. The arrangement for the pait ayatem with aeparsle urine 
collofltion LI illiutmted b; Fig. 2209. 

I>robub!y the beat- known contrivance for deodorizing and disinfecting the deposit in dry doaeta, 
are thoae In which advantage ia taken of the deodorixing qnalitiea of dry earth, which were bniugtit 
into permauent notioe by H. Honle. In theae doaeta a supply of earth oontained in a helper 
behind the aoat la thrown on to tbe oontenta deposited, by the aotioH of an ordinary puU-np bandte 
similar to the pull of the water-eloaeta, or by the weight of the user acting on a balanoe teat or foot- 
board, or by both oombined. 

Boiid'i earth cloaet ia arranged so that the veaael fixed beneath to oontain the dejeotioos, 
iwoeiTea tlio liqulda and solida into separate oompartmenta. A box for tbe supply of the deodo- 
rizing toateriat conaiating of sifted aahea, ia attached to tbe lid, and the person on entering the 
cloaet ralaea Uie lid, and by ao doing meaaurea out a cbsrge of the deodorizer; on leaving the 
Beat he closes tbe lid, and by this means he dischargee the aahee over the aolid contenta. In 
Hiiser's DDiveraal cloaet, tbe deodorant stored In a chamber at the back of the aeat ia spread in 
measured quantltica by a pair of bellowa aotnated by a lover handle. Qibeon's dry cloaet haa a 
niovable shoot attaobed to a hoppei;. This receives a email quantity of the deodoriser, and di»- 
tributea It by an action similar to that of a shovel. There la elao an arrangement for receiving 
tlie liqaid and conveying it direct to the drain. All auch oontrivancea aa tbese aim at eoononiiiiiK 
the quantity of the dry deodorizer, and it is argued that if the user of tbe closet can be prevailed 
upon to avail himaelf of meohanlcal means for deodorization lie is as like! j to avail himaelf of drr 
material stored oonvoniently for the pnrpo«e, so that it may be thrown over tlie deposit with a band 
Bonnp. All mechanical devicea are more or less liable to get ont oF order, and are therefore ill 
adapted to rough populations ; the supply of earth, loo, amounting to H lb. a head, renders tha 
cartage to and from the dejwta exceedingly grt-at when lued for a large population, and the nrintt 
has atill to tie dealt with nnleaa it is run direct into the sewere. Animal charcoal is each an 
excellent deodorizer that when the liquid ia kept apart from the solids. From } oz. to { oz. will soffloe^ 
if careFully distributed afttr each uae oF the oloaeC to remove all diasgreeable smell from tbe solids. 
Tlie Carbon Fertilizer Company ntilizo this method, and alsa employ a good separator pail for 
keeping the liquids apart from the solids. This ia effected by a horizontal perforated diaphragm. 
Thia plan of aepatation is the only one that answera where alopa are alao thrown into tbe paiL 

till of Bookt on Sanitarv Engineering. — ' The Sanitary Drainage of Hooaea,' by O. E. Waring, 
,jun., crown 8vo., Boston, U.B_1879. ' Bye-Lawa and Bcf^lations for House Di^nage,' by Rogers 
Field, 8vo., 1878. ' tJanitary Works Abroad,' by R. Manning, 8vo., 1876. ' Sewera and Drains tot 
FopntouaDiatricta,' by Julias H, Adatns.8vo„ Ne« York, 1880. 'Sanitary Engineering: a Guide to 
theConatmotionof Works of Sewerage,' bj Baldwin L*tham, 8vo., 1878. ' The Purifloation of Water- 
carried Sewngo,' by H. Robinson and J. O. Mellia, 8vo., 1877. ' Sanitary Engineering : a Courae 
f Leolnree at (Jtiathani.' by J. Bailey Denton, royal 8vo., 1877. 'Eouae Drainaxe and Water 
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by G. Slagg, czown 8vo^ 1876. * Sewage Diapoflal,' by H. Bobinson, erown 8to., 1880. 'Ten 
Years' Experience in Works of Intermittent Downward Filtration/ by J. Bailey Denton, royal 8to., 
1881. *The Pneumatic Sewerage System/ by Isaac Shone, 8to., 1880. * Sewer Oases, their 
Nature and Origin/ by A. D. Yarona, 18mo., New York, 1879. * Dirty Dustbms and Sloppy 
Streets: a Practical Treatise on the Scavengering and Cleansing of Cities and Towns/ by 
H. P. Boulnois, crown 8to., 1881. • The Plumber and Sanitary Houses,' by S. 8. Hellyer, 8vo. 
' SugKestions as to the Preparation of District Maps and of Plans for Main Sewerage and Water 
Supply/ by B. Bawlinson, feap. folio, 1878. 

SHAFTS AND SHAFT FITTINOS. 

Shafts for transmitting power and motion are the most generally employed, and also the oldest 
mechanical contrivances, and for that reason we should expect to find them among the most perfect 
in their arrangement and construction, but this is far from being the case; for if we examine 
the great variety of couplings, bearings, and hangers, which are adopted by different makera of 
shafting, and the diversity of opinion which exists as to the relative merits of each system, we shall 
see at once that the manufiEkctare and erection of shafting is far from being a perfect art either in 
practice or in theory. 

In arranging the sliafting for a mill, factory, or machine shop, two systems are open to us for 
adoption, the one system being known as the overhead, the other as under-floor shafts; but 
except in cases where it may be necessai^ to employ very heavy shafting, or under very special circum- 
stances, the system of under-floor shafts is one that should not be adopted, for they increase the danger 
of fire, and occupy much valuable floor space. In regard to the first, especially in factories where 
fibrous material or wooden wares are manufactured, a concealed pit shaft causes more anxiety, and 
oalls for more circumspection, than a whole factory besides. Belts passing down through a floor 
carry with them, by the air currents induced, much of the light dust arising from machines, and 
generally, we may say unavoidably, shavings or other d^ris, so that shaft pits become in effect 
tinder-'boxes. A piece of iron, a stone, sometimes even a nail, coming in contact with an iron 
pulley running at a great speed, will cause a shower of sparks to be disdiarged, and in an instant 
all is in flames. The air currents caused by the motion of pulleys and belts in a confined room 
carry the fiames into all ports of the pit in a moment, and the result is often the destruction of a 
factory. In respect to floor space, it ui seen at once thmt belts coming down from overhead shafts 
to machines consume the least possible amount of useful room, while holes out through floors to 
accommodate belts, with the safety cases which must surround them, consume mu^ valuable 
space ; besides which the arran^ment of most fisotory machines, especially machine tools for iron, 
renders overhead countershafts indispensable. Another matter worthy of consideration in connec- 
tion with these two systems is, that the cost of warming a factory in winter will often be doubled 
by reason of a large number of belts passing through the floors ; in such oases, the shaft pit or a 
lower story has to be warmed as well as the machine floor, and air currents sweep around 
operators who attend machines in such a way as to render it impossible to keep warm : on the 
contrary, belts carried down from overhead shafts tend to circulate the warmer air collected at the 
ceiling. A line shaft adapted for earth supports and mounted on masonry, is generally made from 
one-third heavier to twice as heavy as a shaft for the same duty would be if suspended from the 
ceiling. The fittings may be of the cheapest construction, the bearings rigid and massive, pulleys 
heavy and unbalanced, and the couplings such as to withstand torsional strain only. The cost of 
erecting on earth foundations is also much lees, and the shafts being in most cases hid from view, 
may run out of truth without much interfering with their functions. On the contrary, line shafts 
adapted for suspension to ceilings, and over the machinery they are to drive, require to be of a 
minimum weight, and must be more carefully fitted; the bearings should be pivoted, and so 
arranged that the shaft may be readily adjusted up or down to suit the settling of floors, or of 
pillars on which floors are supported. Couplings on suspended shafts have not only to transmit 
the torsional strain of the work performed, but must be secure enough to withstand the bending 
strains from a shaft being more or less out of line ; and as the shafts are one of the firat objects 
seen in entering a factorv, it is necessary that they run true and without noise, the pulleys being 
turned true and balanced. 

A line shaft, as a machine for transmitting motion, is made up of many parts, possessing varied 
functions ; the independent bars of which it is formed must each be made trulv cvlindrical, and 
they must then be securely united one to the other, by some oouplinff, of which many kinds 
exist, and will be described later. This line of shafting must then oe supported at regular 
intervals in suitable bearings, which must be so arranged as to allow the shaft to rotate freely 
about its longitudinal axis, while at the same time they support and maintain that axis in a right 
line. The number and position of these bearings will be regulated by the position of the wheels 
and pulleys on the shaft; but in all cases the bearings should be as near as possible to the 
couplings, pulleys, eta It sometimes, however, happens that in a long shaft there may be no 
pulleys or gearing upon it for several feet, and the distance between the bearings must then be 
arranged proportionate to the stiffness of the shaft itself. Assuming 10 ft. as a safe distance for 
the bearings of an unloaded shaft 2 in. in diameter, and that the deflection may in all cases be 
proportional to the distance between the bearings, we have the following rules : — 

L = ^(d X 16)« or rf = JU -I- 16. 
In which d = diameter of the shaft in inches, and L the length between the bearings in feet. The 
following Table has been calculated by this rule, but it must be understood that the distances given 
apply only to shafts having simply their own weight to carry : — 



Diameter of the shaft in inches 
Distance between the bearings in feet 



1 
6-3 



8-3 



2J 
10-111-7 



6 



8 



13*2 16-0 18-621*023*2 254 



4 A 2 



1092 



SHAFTS AND SHAFT FITTINGS. 



Another rule gtTes the distance between bearings, for abaXU loaded in the centre, with pulleys 
not more than flye paces in diameter, as 

L :=d25, 
in which d = the diameter of the shaft in inches, and L the distance between the bearings in feet, 
as before. 

The strains to which shafts are subjected in transmitting power are the torsional strains of 
transmission, transverse strains from belts and gearing, and accidental strains, arising from winding 
belts or other cause ; and of these three the last is always the greatest, so that if we make the 
shafting sufficiently strong to resist these accidental strains, the other two may be safely dis- 
regarded. The torsional strength of a shaft varies inversely as its diameter, while its torsional 
deflection increases with the length. For these reasons the system has often been adopted, When 
erecting a long line of shafting, which has to give off power at various portions of its length, of 
giving to it what may be termed a tapering form ; that is, the first section would be of sufficiently 
large diameter to transmit the maximum power required, say 3 in., the second 2} or 2\ in., the third 
2^ or 2 in., and so on to the end ; but this system, except in altogether exceptional cases, is to be 
avoided, as it at once reduces the shaft to the nature of a special machine. Any little saving in 
first cost which may be effected by employing these reduced aiameters, will be quite swallowed np 
by the increased cost and trouble of fitting and fixing ; while at the same time it does away with 
all symmetry of appearance in the shaft and its fittings, and prevents all interohan^ or shifting of 
pulleys, couplings, or supports, from one section of the shaft to another, which m the case of a 
rearrangement ot the machines in a shop, or the introduction of new machines, is often a nuttter of 
great convenience and economy. Again, if the diameter of a shaft were oalonlatod and fixed with 
reference only to the exact amount of power to be transmitted, or if its diameter at various parts 
were based upon the torsional strain that would be sustained at these points, such a shaft would 
not only &il to meet the conditions of practical use, but would oost more oy such an adaptation. 

In pioportioniDg shafts for belting much must be left to judgment, and be dictated by that 
peculiar sense of rwlising what is wanted from previous experience. There are in fact so many 
obscure conditions which have to do with the matter, that any rule must be an arbitrary one, if 
given for general application. The shafts with their supports should, however, always poaseas 
sufficient strength to tear the belting asuidier without damage ta the machiner, for it is impossible 
always to prevent the accidental winding of a belt, and when such an accident does happen it ia 
always much easier to replace or splice the belt, than it would be to repair the shafting or 
machinery. Experience has shown that for ordinary cases, where the power transmitted is applied 
with tolerable regularity, a shaft 8 in. in diameter, with its bearings four diameters in length and 
placed 10 ft apart, and running at a speed of 150 revolutions a minute, is a proper sixe to Uansmit 
50 horse-power. A generally safe rule as regards strength is to make 

where to equals the width of the belt, and d the diameter of the shaft, both in inches. For gearing 
shafts require to be stronger than for belts: the motion being positive and lacking in that 
elasticity which exists in belt connections. In the article on ** Belts and Belting," at page 112, will 
be found a table giving the horse-power transmitted bv shafts of various diameters at a speed of 
100 revolutions a minute ; and in Table I., which is taken from Box's ' Treatise on Mill Gearing/ 
are given the weights of round and square wrought and cast iron shafts, from -^th of Im inch to 
14 inches in diameter. 









Table I.— Wkoht 


' OF Shaftb 1 Foot in ! 


Lknotb. 










Weight In lb. 


Size In 


Weight In lb. 


size In 


Weight m Vb. 


Slu In 












1 




IndMs. 


Wrooght Iron. 


GMtlron. 


Inchee^ 


Wrooght Iron. 


Gist Iron. 


Inches. 


Wrought Iron. 


Out Iron. 




Ronnd. 


Sqnuv. 


Bound. 


SqoAre. 


1 
Boond. Sqaare. 

1 


Bound. 


Square 


Bound. Square. 


Bound. >Squai«. 


i 


•042 


•053 


•038 


•048 


2| 


182 23-2 


16*6 


211 


7i 


139 


177 


126-5 


161-1 


i 


•166 


•211 


•161 


•192 


2! 


20^0 25-5 


18-2 23-21 


7+ 


149 


190 


135-6 


172-9 


{ 


•372 


•474 


•338 


•431 


4 


21-9. 27*9 


19-9 


254 


7* 


159 


203 


144-7 


184-7 


i 


•662 


•843 


•602 


•767 


3 


23-8 30-3 


21-7 


276 


8 


169 


216 


153-8 


196-6 


{ 


103 


132 


•937 


1-20 


3i 


280 35*6 


25-5 


324 


«i 


180 


229 


163-8 


208-4 


1 


1*49 


1-90 


136 


1-73 


3i 


32-4, 41-3 


29-5 


37-6 


8* 


191 


244 


173-8 


222-0 


1 


203 


2-58 


1-85 


235 


3* 


37^2, 474 


33-8 


43- 1 


H 


203 


258 


184-7 


234-8 


1 


2-65 


3-37 


2-41 


3- 07 


4 


42-4 540 


38-6 


491 


9 


214 


273 


194^7 


248-4 


li 


3-35 


4-27 


305 


889 


H 


47-8 60-9 


435 


554 


^ 


227 


288 


206-6 


2620 


H 


414 


5-27 


377 


4-80 


4i 


53*6 68-2 


48^8 


62-1 


»4 


239 


304 


217-5 


276-6 


If 


500 


6-37 


455 


580 


4i 


59^7 760 


54-3 


69-2 


4 


252 


320 


229-3 


291-2 


14 


5-97 


7 58 


543 


6-90 


5 


66*2 84-3 


60-2 


76-7 


10 


265 


337 


241-2306-7 


If 


7-00 


8^90 


637 


8^10 


H 


72-9 92^9 


663 84-5 


lOi 


292 


372 


215-7348-5 


i| 


811 jlO-S 


738 


937 


^ 


801 102- 


72*9 92-8 


11 


320 


408 


219-2 371^3 


i| 


9*31 ill^8 


847 


10^74 


Si 


87-5 111- 


79-6 101^0 


11* 


350 


448 


818-5407-7 


2 


10-6 


13-5 


9-65 


12-29 


6 


95-3 121^ 


86-7'll01 


12 


381 


486 


846-7 442-3 


n 


11-9 


15-2 


1083 1383 


6i 


103* 132* 


93-7,1201 


12i 


414 


527 


376-7479-6 


n 


13-4 


17 1 


12-2 


15-6 


^ 


112- ;i42* 


101 •9:129-2 


13 


447 


570 


406-8 518- T 


2f 


14-9 


19*0 


13-6 


17-3 


6? 


121- ;i54- 


1101,1431 


13t 


483 


614 


439 5 558-7 


2I 


16'5 


211 


150 


19-2 


7 


130' 165 • 


1183 150-2 


14 


519 


661 


472-3601-5 
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In the United States shafking of oold rolled iron is very extensively employed in preference to 
turned Bhafiing, over which it poeseBses the advantages of increased strength, hardness, and 
elasticity in a very marked degree. The making this cold rolled iron is a very simple process, 
as carried on hv Laughlins, of Pittsburgh, Pennsylvania, who have made a speciality of this 
manufacture, and by whom it is produced in large quantities, not only for shafting, but also for 

?iston-rods, and for the finger-bars, knife-backs, and guard-bars for reaping and mowing machines, 
'he bars are first rolled hot, to within about ono-eignth of an inch of their ultimate size ; they are 
then placed in acid, in order to remove the surface impurities ; and are finally reduced to the required 
dimension by the special process of cold rolling. The bars thus made have a highly polished and 
perfectly smooth surface, and are as true as if turned in a lathe. The following table gives the 
results of a series of experiments, comprising about sixty tests, which were made by W. Wade, of 
the United States Ordnance Department, for the purpose of testing the relative merits of hot and 
oold roUed iron; and from them it will be seen that the results are greatly in favour of the cold 
rolled : — 

TaBLB n. — GOMPABlflON OF HOT AND COLD BOLLKD IbON FOB ShAFTINO. 



I. — ^Tbansvebsb Strain: — 

Bars supported at both ends, distance between bearings 
30 in. ; load applied at centre. 
Weight which gave a permanent set of ^ in, to 

Itekrs, 1^ in. square 

Bound oars, 2 in. diameter 

„ „ 2^ in. „ 

n. — ToBSiON : — 

Weight giving a permanent set of one degree^ when applied at 
a distance of 25 in. from the centre of the bar : 
Bound bars. If in. in diameter, and 9 in. between the 
points of attachment 

HL — GoMFBEanoN : — 

Weight giving a permanent $et of '^ in, to columnt 1^ m. 

long and f in, diameter 

Weight giving a permanent set to columns 8 in. long and f m. 
diameter : 

Puddlediron 

Charcoal bloom iron 

IV.— Tension : — 

Weight a square mcA, giving a permanent set to rods | in, 
diameter: 

Puddlediron 

Charcoal bloom iron 

Breaking weight a square inch for the same rods : 

Puddlediron 

Charcoal bloom iron 

v.— Hardness : — 
Weight required to produce equal indentation 



Iron rolled while 


Ratio of 

Increase 

doe to oold 

Rolling. 


Hot. 


Cold. 


lb. 


Ibi 




3100 
5200 
6800 


10700 
11100 
15600 


3-451 
2134 
2-294 


750 


1725 


2-300 


13000 


34000 


2-615 


21000 
20500 


31000 
37000 


1-476 
1-804 


37250 
42439 


68427 
87396 


1-837 
2-059 


55760 
50927 


93156 
99203 


1-491 
1-950 


5000 


7500 


1-500 



Average 

Rate of 

Increase 

percent. 



162-5 



130 



161-5 



} 



64 



} 
) 



95 



72 



50 



The regular working strain to which a shaft is subjected varies inversely with the speed at 
which it is driven ; and this, on account of its influence as regards economy in the first cost of a 
line shaft, would be a sufficient reason for arranging the same to run at a high speed ; but there 
are other and weightier conditions which all tend to favour Uie same arrangement * And first 
among these is the saving of cost in countershafts ; for it is obvious that if the speed of the line 
shaft varies so considerably from that required in the first movers of the machines as to necessitate 
the employment of oile or more countershafts between the main line and the machine, not only 
will the first cost of shafts, fittings, and belts be greatly increased, but also the cost of mainte- 
nance; while the obstruction arising from belts and pulleys will also be increased. The practical 
limit of speed in a shaft is, however, greatly dependent upon the nature of the bearings ; these 
should be pivoted to allow of the self-adjustment of the shaft, and should be four diameters in 
length. For the bearings of line shafts cast iron is undoubtedly, for many reasons, the best 
substance to employ ; it is the cheapest and most easily worked into shape, while if kept properly 
oiled it is the most durable of metals, although the poorest if allowed to run dry ; with a pressure 
not exceeding 50 lb. a square inch, and oil well distributed over the surface of the box, the shaft 
will run on the oil used for lubricating without touching the surface of the box, the oil under this 
pressure is not squeezed out but will maintain its lubricating properties for a long time. The use 
of Babbitt's metal, or other soft metal, is often advocated for bearings, and though there are many 
eases in which it may be advantageously employed, its use for the bearings of lioe shafts is to be 
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■oft metals, wliile thaj do not cat when pen 
□, vet serve to catch the grit and dirt io the atmospliBre shioh flnda iia va; it 
with tlie oil ; the soft metal holdg these litUo sharp partioles, and thus gradoally grinds davo tbe 
jhaft naming io iL A» aa eiample of this ahrasive povar of soft metalB, ve may inrtance the 
means adopted when it la denied lo grind donn a cylioder of hard metal ; lead olamps, veiy 
simitar to journal boxes, are applied to the oylioder, and into those olamps oil and emery are fed, 
the lead holds the emer;, and bj tbe continued revolution of these olamps around the cylinder, 
tbe size of the hard metal is reduced without an; serions wear on the port of the lead. These son 
metal bearings are generally advocated on tbe score of eooEiomy, the following reasons being 
advanced in their favour. The boxes for these bearings are cast with a recess to bold the soft 
metal, and can be used just as they oome from tbe foundry, thus dispeDaing with all labour and 
ooat of boring and fitting : tbe shaft la laid in Its place on the cast-iron shell, and tbe soft metal, 
previouBly melted in a ladle, is poured in, thus filling the teceas and euenring a fit. Against this, 
however, we have tbe following facts, Tbe box cast with a reoess, in order to be of equal strength 
to one oast solid, must be made rather larger, and this inorease of size, as it incteasea the weight of 
metal ia the box, will also add to itg cost. Again, Babbitt's mftal ooets muob more than cast iron, 
generally ten times as moob ; while the melting, pouring, aud fussing over tbe job all take time, 
whiob means money. It may be safely said that a pair of cast-iron boxes can be planed on their 
faces, then bored to St tbe sbafl, and grooved for oil pasaages, for less than one-half tbe onat of tbe 
least quantity of sod metal which could be used !□ snoh a box. For vertical shafts the Schiele 
curve is undoubtedly the true form of bearing to resist end-thrust with high speed. The greskt 
fault with all bearings, when the plane of tbe surbcea is transverse to the Hnrfaces in motion, ia 
that they move on each other at different degrees of velocity ; vurying from the centre to the 
periphery, directly as the diameter. The Sohiele curve of equal tangents is a theoretical, and for 
that matter practical attempt, to obviate this InErsctiiin of mechonicBl principles, by ttikiDg up 
end-thrust on surfacee having a nuifonn connection for rcsistioe wear. The method of oonslructing 
this Quiie is shown in Fig. 2210. Let a i be the diameter of the shaft; bisect the line a bate, and 
from c erect tbe line edperpendioular toab. From c lay 

off any nuniber of equal parts, aa t,f,g,h, 4c; join eb, *"•■ 

and in tbe line eb lay off tbe distance t^, equal toai; 
join/e', and lay off the distance //',slsoeqnal \c ' -' 



1 tbe figure. W. Sellers and Co., of 
rniiaueipuia, nave adopted a plan for stepping vertical 
shafts, wliich ia almost ibe very opposite of the old point 
theory, that of wide, flat surfaces. A disc, or collar, is 
formed on the end of the shaft, resting on a oorresponding 
plane, in tbe face of which there are radial curved ou 
grooves, the action of which corresponds to the fhrrows in 
the facea of mill-stones; tbe oil ia fed to these surfaoee 
through a central opening, and discharged upon the 
periphery, returning through proper ohanneU lo the 
reservoir, to be again taktn up. This, for heavy thrust 
and motion that is comparatively alow, is no doubt 
aa good a plan as can be adopted for the cud of 
thalM. (Seep. 1586 of this Dictionary.) 

J. Blcharda, in his ' Woodworking Machinery ' and in 
bia ' Operator's Handbook,' gives the following particulars 
coowming shafting; — 

" Sliafting for opcraling wood machines, like nearly everything else pertaining to them, requira 
to be speoiul in many regu^. The speed of the main lines should, for tbe moat economic and 
simple arrangement, never be leas than three hundred revolutions a minute, which is alone a 
sufficient distinction from ordinary cases to wamnt the statement of its being special. An arerage 
speed for counlershsfla, or firat movers in wood mschinus. is about three times as much, which 
gives as a rule a proportion of three to one between the pulloya of the line and tbe coanter ahafling- 
Bjjafting of fram 2} to 3} in. diameter running at this speed must be true aa to turning and 
■traightncss ; the pulleys must be carefully belanoed, and the i>eanngs long and pivoted, with 
careful provision for Inliiication. There is as a rule more belting to he carried on the shafting of 
wood-working manufaclorice than in those of other kinds. This is directly as the amount of 
power employed, with enough added to make up for tbe dry state in which the belting has lo 
operate. The usual large amount of belting makes a great strain upon tbe bearings, espedally aa 
it must be tightly strelrhed to obtain traction. Taken upon the whole, a fiiotory uf this kind 
requires llie liest of shafting, nod the greateet care in ita operation, or else the delays &om the 
derungeraeut will lie frequent and long. 

"The auddun starting of heavy ranchinoa by means of shifting belts, or more especially by 



. at stack belts witli tightening pulleys, subjects the shafting and i1 

(ontinnal Htmin, and is very apt to looeen tbe ooaplings unless well fitted or of the oompnwaoo 
kind, which is in faot the only kiud adapted to wood-working fumitories, and, for tliat matter, any- 
where else. A coupling that is driven on and wedged, we will not term it keyed, when (ac« 
nmoved and then replaced never runs in perfect troth : besides, at a second or third removal the 
fit is destroyed, unless a tapered one. For wood-working fsclories good compression coapling« 
(bonhl be Dted, auch ss will ensure the conliuued strength of the shaft through the conuection. 
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and grip it so that no moyement can take jrface by torsioDal strain. The keys shoold be deep ; 
that is, wide on their bearing Bnr&oes, and never bear on their back ; a rule that applies however 
in all cases, for nothing bat the most clumsy and nnmechanical fitting ever confounds a key with 
a wedge. 

" Pulleys for line shafting nuining at high speed should be light and true ; weight is to be 
avoided on account of torsional strain from momentum, and perfect truth is needed to prevent a 
kind of oscillation, or vibration that takes place when the straio of belts is not uniform ; in short, 
the shafting about a wood-working establishment should be first class in all respects ; whatever 
contributes to its good performance at slow speeds becomes donbly important at high ones. 
Pulleys for wood-ootting machines should be strung, and safe from the danger of centrifu^ strain 
due to high speed. Cast-iron pulleys with proper proportions, and made of close strong metal, are 
comparatively safe with their rims moving 5000 ft. a minute, a limit, however, which should not 
be exceeded. Such i^lleyB are as a rule turned both on the outside and inside of the rim, which 
ahonld be rather heavier than usual. We give a formula ttom the Industrial Works, W. B. 
Bement and Son, of Philadelphia, which furnishes proportions that are well adapted for high 
speed pulleys : — 

Diameter of pulley — D. 
Face of pulley = F. 

Diameter of pulley pattern = D + ( -^ j. 

(D -i- Fx 
j. 

Edge thiekneiM of rioi, E = ( \ an increasing progression, A = 8}, B = |, N = D. 

Centre thickness of rim, C = 03 F + E. 

Number of arms N; when D>12,N = 5: D>S0, N=:6. 2aii. 




N 
Thickness of arm, T = ^ B, parallel from rim to hub. 

Hubs. 




Parallelogram of web, P = /^ D + F, shown in Fig. 2211. 
Web of hub, W = P + T, as shown in Fig. 2212. 
Diameter of shaft to be used = S. 

l/D + F P 

End diameter of hub, H = ^ — -f- S, or ^Tk + S, increasing 1 in 16 to web. 

p 
Metal thickness of hub, M = -— when sot-screw bosses are used, for sp line add ) to M. 



Versed sine of fhcial curvature = — ^ for high faces. 



9 
F 

64 



**HangerSf or supports for overhead shafting, have undergone more modification, and are 
produced m a greater variety of forms and plans of adjustment than almost any other detail in 
machinery. That taste as to design has been the main reason of this is evident in the fact that a 
number of engineers would, with the same premises, generate about the same thing. A greater 
uniformi^r of strength, if not of design, would certainlv exist if it were not for the contingency of 
winding belts, with other accidents, that can be set aown under the general head of accidental 
strain. In wood-working mills and factories there is less danger from winding belts because of 
their being dry, but when such accidents do occur they are more serious because of the ^eater 
width and strength of the belts. Hence all hangers for wood-cutting machinery should have 
extra strength, especially for overhead shafts, and be, with their supports and bolts, strong enough 
to part or tear the belting without other danger. To determine the cross-section of a pendant 
support that will do this is not an easy matter, but experience and judgment will generally suggest 
proportions that are strong enough. A cored section is, without doubt, the strongest one for 
hangers, which form no exception to the rule for columns or beams, of disposing the material as 
far as possible away from the neutral axis and on the periphery. 

** In preparing plans for a wood-working mill, the shafting should, whenever practicable, go 
across the building. By belting from one line to another at one side of the room the whole power 
is not transmitted through the couplings, as in the case of one continuous shaft to drive all the 
machinery. The work is also divided more evenly throughout the several lines, and this does away 
with the supposed necessity of having the line shafting in sections of various diameters, which 
prevents the interchange of pulleys from one shaft to another, and often leads to expense and 
trouble. The first section of shafting, carrying the main driving pulley, should have a diameter 
equal to one-fifth the width of the main driving belt, and should be supported at each side of 
the main pulley ; and this section should not be more than twenty diameters long between the 
bearings. 

*' For wood shops, 2} in. and 3 in. shafting are the best sizes ; 2} in. shafts are as small as any 
should be, and they should not, without some important reason, exceed 3 in. in diameter. A line 
of 2^ in. shafting will run safely and well at 250 revolutions a minute, or a 8 in. line will run 200 
revolntions a minute, if the bearing^ are properly made, and it is kept in line. 
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*^ Palleys ehoald be as light as possible, both as a matter of eoonomy and convenienoe, and they 
should be turned true and balanoed, balanced perfectly, no matter what their speed. The effect of 
an unbalanced pulley is as its speed, but it is never Imown where pulleys may have to be used in 
ohaneing, and the only safe rule is to have every pulley carefully balance^ no matter what the speed 
may be at which they run. 

^* Couplings should be adjustable or compreesiTe, not keyed on, or wedged on, for only such a 
key should be used as will not keep a solid coupling on. Hangers to support line shafting should 
always have their bearings pivoted, and adjustaUe vertically ; for if the bearings have a vertical 
adjustment in the hanger frames, and are moved by screws, as they should be, it is a small matter 
to take a ladder, a level, and a wrench, and go along the line to level it; 100 ft of shafting may 
be adjusted in this manner in an hour, if the larger belts are thrown off to relieve it from strain, and 
the shafting is straight and true. Shafting is not liable to get out of line horizontally, unless from 
the strain of belts ; ijt is, however, well to line up as often as twice a year to be sure that all is 
right. A shaft may be levelled by almost anyone when tiie hangers are properly made, and can be 
done at noon, or after stopping in the evening, without interfering with the business at all. To line 
a shaft horizontallv is but little more trouble if the bearings or hangers can be moved in that 
direction. Buspenaed hangers should have the bolt holes slotted for an inch or more of movement, 
and post hangers should have movable bearings that permit side a^'ustment Assuming that thero 
is some means of moving the shaft horizontally, a gooa plan of adjusting is by suspending a number 
of plumb-lines that will bear against one side of the shaft, and reach down low enough to be 
sighted from the floor, or for greater aocuraoy a strong line may be stretched about 5 ft. from 
the floor to gauge the plumb-lines fh>m, as shown in Figs. 2213 and 2214. D is the ceiling to which 



2213. 










B 




hangers are bolted ; A the line shaft ; B the plumb-lines resting against the shaft, near to the 
bearings ; and a horizontal line stretched below the shaft. The lower line, 0, can at the begin- 
ning be set within about | in. of the two plumb-lines at the ends, and the rest can then be adjusted 
to the same position by moving the bearmgs, or the end bearings can be fdso adjusted, as tlie case 
may require. A ball of strong packing thread, and half-a-dozen or more old screw-nuts for the 

Slumb-unes, make the outfit^ ana the job can be well executed at but little expense and time, if the 
angers are properly made, and erected so as to be adjusted without trouble. 
** In erecting a countershaft, the first things to be determined are the position of the machine it 
is to drive, ana whether the belting is clear. When a line shaft is crowded with pulleys it often 
requires great care to place the countershaft so that belts will not interfere with each other ; it is 
no uncommon thing for a shaft to be put up, and then the discovery made that belts interfere with 
others on the opposite side of the line shaft. Be careful in starting, that is the great point, not 
only in putting up shafts, but in all other mechanical operations that involve calculations and 
accurate measurements. As an example, let us suppose that a countershaft is to be erected, and 
go through the various operations, one at a time. Beginning with the hanger plates, these should 
be of hard wood, long enough to reach from two to four joists, as the weight of the shaft and 
belting may require ; their width should be from one and a half to twice the width of the hanger 
base, and their thiolmeas, as an approximate rule, one-fifth the drop of the hanger. When the ioists 
are of hemlock, or harder wood, and 3 in. or more thick, almost any kind of shafting can be hung 
with safety on wood screws, or lag screws as they are sometimes called, passing through the hanger 
plate, and screwed directly into the joists. These screws should be of good size, not less than 
I in. in diameter in any case, and long enough to pass into the joist a distance at least equal to the 
thickness of the hanger plate. A plate 3 in. thick requires, with cast-iron vra^hers, screws that 
are 7 in. long ; if one in each joist I in. diameter ; if two in each joist f in., or -f in. will do for 
ordinary countershafts. Having the hanger plates ready, next mount the shaft in the bangers and 
invert them to stand on a level fioor, Fig. 2215, and after settling the shaft to see that the oeiurings 
are not cramped, and that the hangers stand fair on their base, measure between the bolt holtfs 
accurately, or what is better, cut a short strip of wood to the length between the centres, marked c in 
the figure. If the shaft is to be placed to suit some pulley on the line shaft, measure from the 
centre of the hanger next the loose pullev the distance to the centre between the tight and loose 
pulleys, as at a ; this should fdso be marked on the stick as the base for the position of the shaft : 
we will term it the driving belt line. This belt line must then be determined and scribed on the 
joist ; it is easily found from a pulley, or by measurinp^ from a wall or girder that crosses the line 
f»haft at right angles. Placing the measuring stick with this base mark, the centre between the 
pulleys, upon the belt line, next set out at each end for the wood screws or bolts that are to hold the 
hanger plates, bore the hanger plates, and screw them up at one end, but not hard against the 
jr)bts ; leave } in. or more for packing when levelling up ; then set the plates at right angles across 
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the joist, and mark the position of the joists so as to bore through the plates for the other screws 
which can be done by swinging tiie plates aroand, and without taking them down. Again set the 
plates across the joists as accurately as possible by means of a carpenter's square, and mark the 
holes on the joist for the remaining wooa screws. In screwing up the plates they can be brought 
level by furrowing down on their top, with pieces of wood split in two or notched to accommodate 
the wood screws placed between tiie plates and the joist To mount the hangers, if they have pivot 



aai5. 




2Q16. 



V ^'vnN <> 



bearings, as all ought to have, bore through the hanger plate for one bolt by measurement ; no 
great accuracy is needed in this, unless the shaft has to come laterally to a particular line, which is 
seldom the case. Screw up one hanger with a through bolt, then remove the pulleys from the 
shaft, put it in the hangers, then prop the loose one, or both, if needed, with a brace resting on the 
floor, or on a stage, as shown in Fig. 2216. For the next operation, procure a pole or strip of wood. 
Fig. 2217, long enough to reach f^m the countershaft to the line shaft, cut a notch in tne end, or 
drive a strong spike, s, in the side, and let 
it rest on the line shaft at L, and eitend 
to the countershaft at G. By moving 
alternately from one end of the counter- 
shaft to die other, and driving the loose 
hanger to adjust it, a parallel is obtained 
much truer than by lines and measure- 
ment, and in a tenth part of the time : the 
pde can be marked at the centres of the 
countershaft at each trial until the ends 
correspond. Then bore the three remain- 
ing holes for the hanger bolts, put the 
pullevs on the shaft, and mount the whole 
in place. Level the shaft by using a 
plumb-line alongside the pulleys, which, 
if they are true, will be found a more 
accurate plan than to use a spirit level on 
the shaft itself. With a good pair of 
trestles at hand, and wood screws and 
hanger plates ready, an ordinary counter- 
shaft for belte from 3 to 6 in. wide should 
be put up in one and a luilf to three hours' 
time by one man and an assistant. The 
time of erecting, and the accuracy with 
which a shaft can be set. as well as the 
facility with which it can be kept in line, depend greatly upon how the hangers are made. If the 
bearings are pivoted, and arranged to be adjusted verticallv on the hanger, it is but little trouble to 
keep shafts level The bolt holes in the hanger plate, if slotted to allow for horizontal adjustment, 
will answer for pendent hangers without having the bearings movable in the brackets.** 

Couplings for shafts should be of such a nature that the strength and rigidity at the joint sliall 







A: 



2217. 
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be as great, if not neater than at anv other part of the line, so that if the line be subjected to flexure 
it will bend anywhere else than in the couplings. 

The solid half-lap coupling, shown in Fig. 2218, is recommended by Box as the best of all for 
small shafto up to 4| in. or 5 in. in diameter, but for larger shafts they become very clumsy and 
heavy. This kind of coupling requires thoroughly good workmanship, especially in the fitting of 
the lap joint ; the angle or level of the joint should be about 1 in. a foot, and may be convenientlj 
descrined by striking the arcs od and ef from the centre of the lap a, with a radius of 6 in., and 
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Betting off I iD. above and below the centre in tbe manner shown in the fignxe. The oonpling box is 
of cast iron, and is seemed in position by a hollow key, at the point a in the oroes-section. Fig. 2219. 
One advantage in theee oonplings over many others is their safety ; there are no projecting bolts, as 



2218. 



2219 



2220. 



2221. 







in the flange conpling, to catch the dress of workmen or workwomen, or to become entangled with 
a strap which comes off accidentally ; when tamed and polished they are easily kept dean, and 
there are no bolts to shake loose in working. 



Tabli ITT.- 


-Pbofobtions or Solid Half-lap 


GOUFLINOS, 


WITH Gast-ibon Boxb. 
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The claw conpling, shown in Figs. 2220 and 2221, is recommended by Box in his * Treatise on 
Mill Gearing ' to be used for all sliafts above 6 in. in diameter ; Fig. 2220 is a longitudinal section 
through tlie conpliog, showing tlie shafts in position, and Fig. 2221 is a cross section on the line oft. 
When fitted together by dipping, in the usual way these couplings are very expensive, and 
reauire good workmanship, but the expense of this fitting may be ent&ely avoided by casting one 
half upon the other. In that case one naif is cast in sand, and this casting being imbedded with 
the wooden pattern looked into it, another mould is taken from the pattern with the wood part 
in the cope, and the second half is cast upon the first. A perfect fit is thus obtained without 
labour, and the metal is chilled and wears longer, so that this form of conpling is the cheapest of 
any ; the first half must, of course, be coated with founders* blacking where uie molten metal of 
the second half comes in contact with it, to prevent adherence. The shrinkage will be suflloient to 
enable the two halves to be separated when necessary, but they should be looked together, and so 
bored to ensure parallelism. This kind of oonpling requires to be well secured to the shaft by 
good sunk keys, as shown at a, Fig. 2220. 



2223. 



2224. 



222S. 











The fiange coupling. Figs. 2223 and 2224, was at one time very generally adopted by American 
engineers in preference to the solid lap or claw couplings above described. For good work these 
couplings shoiUd be turned all over, and in any case the two internal &ces must oe turned to fit 
together accurately ; the bolt holes must be drilled out truly to match one another, and the bolts 
must be turned parallel throughout, and fit well. To keep the two shafts in line with each other, one 
of them should enter the opposite half coupling, } in. in the smallest sizes, \ in. in medium shafts, and 
\ in. in 6-iD. shafts, and so on in proportion. This projecting end. or dowel a, forms a very serious 
objection to the use of these couplings, as when disconnecting a shaft it requires that the latter be 
moved endwise to the extent of the lap, and this is often a causo of much inconvenience, for if a 
long shaft is to be disconnected in the centre it not unfrequently happens that in order to move 
either part \ in. endwise several pulleys, wheels, or collars must be loosened, while if the couplings 
are placed against the bearings, as is often the case, such movement is rendered impossible. As 
these couplings depend for driving power entirely on the key, that part of the work must be well 
and firmly done : each half should be secured by a sunk key, as in Fig. 2220, driven from the inside, 
and cut off flush before the ooupling is put together ; and the face should be turned true in its 
place after the ooupling has been keyed on the shaft, otherwise driving the key is apt to throw the 
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oonpliDg out of trath. Another objection to the use of these flanged oooplings le on aooonnt of the 
danger ariring from the exposed bolt heads and nnts. To obviate this danger, the coupling sliown 
in Fig. 2225 was introduced. This coupling is provided with a guard rim, c, to prevent the danger 
of belts or clothing catching on the bolt heads or nuts ; this rim gives a stronger form to the plates, 
so that the latter can be reduced in thickness and weight, while in many cases it also permits the 
coupling^ to be employed as pulleys for driving belto. The dowel is formed by a slight inter- 
locking at the rim, as shown at e, in most cases not exceeding ^ in. in depth, so that in disconnecting 
a shaft it rarely happens but that the supports by slightly straining the sliaft will allow a section 
of the latter to be taken out. 

The following table, giving the proportions for plain flanged couplings, is extracted from Box*8 
* Mill Gearing ' : — 

Table IV. — ^Pbofobtion8 fob Flanged Coupunos. 



Dlamf^rof 
Khiift. 


Diameter of 
Vluige. 


Tbicknefls of 
Flange. 


Diameter of 
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Na of Bolts. 
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BolL 


DIUMtorof 
Circle of Bolti. 


Ins. 


ins. 


ins. 


liw. 


ina. 


Ina. 
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i 
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}^ 
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4 
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12^ 


H 


I* 
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14 
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5 
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15i 
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S* 
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6 




^!* 


5 


17 


2 


^ 


6 


6 


H 


ISJ 


6 


20 


2* 


"t 


7 


6 


If 


16 



The objections to these forms of couplings are manv. In the case of the solid half-lap coupling 
the bars to be united by it must be of absolutely equal diameter, or they will soon work loose ; and 
the attainment of tliis accuracy is an expensive operation. Machines can readily be constructed to 
turn bars of round iron in the condition they come from the rolling mill to a nearlv uniform size 
with a great rapidity, and at a very small cost. Bv nearly uniform is meant that when the shafts 
are tested by sliding over them a standard gauge they will be apparently of uniform diameter, but 
a careful measurement will show them to be only approximately alike in size. This commercial 
accuracy, as it may be termed, is easily obtainable by machines and by unskilled labour ; absolute 
accuracy would involve more costly processes, and the utmost skill of the most experienced work- 
men. When flanged couplings are employed each half of the coupling has to be carefully and 
accurately fitted to the end of the shaft, and the couplings afterwards faced in the lathe, and the 
holes drilled for the bolts. This facing up prevents all shifting of couplings fr^rn one length of 
shafting to another, as they belong only where fitted ; while as each half-oouplin^ possesses its 
corresponding fitted mate, on account of the bolt holes, the whole length of shafting becomes a 
special machine, of which no portion is interchangeable or can be moved from the position for which 
it was fitted. Again, if these couplings have to be driven o£f two or three times for the purpose of 
changing pulleys, or for other reason, the fit will be altogether destroyed. 

Adjustable or compression couplings, as already stated, are the only kind which should be used 
for line shafts ; they are equally safe as any other system of coupling, for their failure can only 
result either from deficient strength in their proportions, or from very bad fitting ; while the advan- 
tages arising from their use, such as a duplicating system, placing pulleys, and so on, are so 
apparent as to be self-evident. It may be further said that compressive couplings properly con- 
structed do not cause one-tenth part as much delay and expense as those having a solid fit, and 
held on by means of wedge keys. In putting on adjastable couplings, they should be put on with 
a view to removal, all prts being well and carefully oiled so as to avoid all chances of their 
rusting ^ist. In order that these couplings may fulfil the objects with which they are designed, it 
is necessary that they should fulfil the following conditions : — 

1. The coupling should act independently on each shaft, so that slight variations in the diameter 
of the shafts connected will not cause one to be more firmly gripped than the other. 

2. The range of adjustment should be such as to suit the ordinary irregularities of diameter 
which must occur in turning shafts in an expeditious manner, and finishing at one operation. 

3. The couplings should close concentrically upon shafts, or, as this is impracticable in a strict 
sense we may say, bear upon three or more points, the more extended such bearing the better. 

4. They should be so constructed as to be instantly removable, and so that there will be no 
joints to stick fast by corrosion. 

5. The strength of the coupling as to resisting either torsional or deflective strains should be 
at least one-half greater than that of the shafts connected. 

The double cone coupling of Sellers and Go , Fig. 2226. consists of two cones a, bored to fit 
loosely on the shaft a ; externally these cone plugs are turned to an exact taper, and fit within the 
external shell e, which is a pluin cylinder of cast iron bored with ji diminiiihing taper from each 
end. The cones a are drawn into the shell e by the through bolts n ; these bolts are square to 
prevent them from turning when the nuts are screwed up, and they are let into the external shell «, 
in the manner shown in the figure, so as to constitute keys, which prevent the cones a from 
turning in the shell e, and by this means communicate the driving strain from one cone to the other, 
and from one shaft to the other. The cones a are split open on one side, and deeply grooved on the 
opposite side ; this, with the slots provided for the bolts, renders the cones quite flexible, although 
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their citMB-ae<^on mfty be even gieater thmn that of tlie ahafU ^^ The oooeB a bemg diawn 

in simply bv the presrare of the boltB and nnte a, it is evident that one cannot be dzawniDto the 

7k 11^ ^^ ^^ "'^^ ^^'"^ ^^"^ ^® ^'^^ ^^ consequently the praasoie exerted on the ends of 
tbe two shafts mnst be eqnal ; and therefore the shafts need not be of exactly the same size, in point 
of fact shafteof an appreciable diflerenoe in size may be as firmly held as if they were of the same 
diameter. When it is required to lemoTe this ooapllng^ slack np the bolts, and if not then loose, 
a few blows npon the outer sheU with a billet of wood wiU probably start it loose ; or a wedge, such 
as a cold chisel, driven into the split in the inner oones always looeens the oonee and frees the 
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^,P^^;„^ ^*^° ^^ coupling was first introduced it was subjected to severe trials to test its 
utility. The experiment was made by oouplinf two shafts, which were pkced on three beartnn 
10 ft apart, ^e coupling being near to the middle one ; and these hangers were so placed aa to 
bend the shaft If in. out of line. These shafU so coupled were then made to revolve at the speed 
of 250 revolutions a minute for many weeks during working hours, and yet the coupling did not 
loosen under this severe strain. 

The coupling shown in Fig. 2228, and manufactured bv Richards, London, and Kelly, Phila- 
delphia, deserves notice on account of its simplicity and the small cost of its construction. Two 
strong semicircular caps a are bolted over the shafts in the manner of a common journal bearing ; 
the lower shell e being continuous, and formed solid with the pulley c. The centre fiange of this 
pulley is thickened up at », so that the two ends n of the shafts are dowelled in this part, and the 
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keys m are fitted in the caps, so as to be firmly gripped by any bending of the latter, and also more 
readily to permit them to spring slightly to accommodate any irregularities of size in the shafts. 
The caps are made either of malleable or cast iron as circumstances may require. The external 
pulley c can be made of any size to suit the purpose of driving machinerv, and at the same time 
serves to shield the bolts and guard against danger ; so that in ^imating the cost of these couplings 
the value of a pulley can in most cases be deducted, leaving the coupling to be computed as the 
extra iron in the bosses, and the additional fitting required over boring and keying a common 
pulley. 

In Fig. 2227 is shown an end view of Gresson's patent coupling, whioh. like those already 
described, acts independently on each shaft. The sectional shell a is divided transversely in the 
centre of the coupling, and is forced upon the shaft e by means of the screws c, which are long and 
tapered. The shells a being split on one side, are sufficiently flexible so that when the screws c are 
driven in there is a strong grip g^ven at these points on the shaft. The solid portion at « affords 
a firm seat for keying ; the cored section extends through the coupling. 
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Charlton's shaft coupling, Figs. 2229 and 2230, is very similar to the above ; it consists of a casting 
of a cylindrical form externally, and cored out in the manner shown in the end elevation. Fig. 2229. 
This casting is bored and has a kev way out in it, and the inner portion b then cut through 
opposite the key way. After being placed on the ends of the two lengths of shafting to be couplM, 
which shafts it may fit freely, it lb tightened by screwing in the tapered bolts shown in the longi- 
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tndinal aectioo, Fig. 2230 ; these bolts cause the inner portion of the easting to clip the shafts firmly. 
The key a is only a carrier, and requires no fitting by hand, while the bolts 6 merely act as wedges, 
and are not subject to any other tensional strain ; and further as the two bolts at the one end of 
the coupling act quite independently of those at the other, there is no necessity that the two lengths 
of shamng connected by the coupling should be of precisely the same diameter. 

Both these couplings last described are yery simple and easy to manufacture, and they hare 
been thoroughly tested with very satisfactory results. This system may also be adopted for fixing 
pulleys to mafts, for which purpose it is equally advantageous. 

John Richards* coupling, Fig. 2231, belongs to the class of couplings in which a continuous 
sleeve is employed, and which act independently on each shaft only to the extent of Uie flexi- 
bility of the said sleeve. In this coupling the sleeve or shell a ia made thin and flexible to such an 
extent as to permit an independent action more or less complete on each shaft ; e are two strong 
conical thimbles which are drawn tog'ether by the ring collar e, provided with screw threads at s. 
The thimbles c could not of course oe drawn up sufficiently firm bv means of the ring collar e, 
because of the friction of the screw • and of the joint at t ; so that in applying the coupling the 
thimbles c are driven on by blows until the tension is thoueht sufficient, and the collar e is then 
screwed up as firmly as possible. It will be seen at once that the strength of this coupling to 
resist transverse stains depends on the shell a alone, but it is also evident that unless the 
thimbles c move on the sleeve a, the ring collar e must be regarded as a firm connection between 
the shafts, and capable of resisting bending strains the same as a common flange coupling, except 
that the neutral axis will be in a different position. 

Another of Richards and London's ingenious couplings is shown in Fig. 2232. One half of this 
couplix^ consists of a common flange, keyed on in the usual manner ; the other half is compressive 
and adjustable The advantages claimed for this coupling were, that for each section of a shaft 
one end could at once be freed, so as to put on pulleys, or for any other purpose. As the arrange- 
ment does not, however, admit of interchange firom one shaft to another, and as each coupling has 
to be fitted to its place the same as when two common flanges are employed, this coupling has not 
met with much favour. The shell a is conical, and split open on one side ; a screw collar o draws 
the cone a from the centre, causing it to grip the shaft with great force, while, by loosing the 
collar c, the cone shell a can be driven back to release the shaft, which can then be withdrawn, if 
there is sufficient room, without disconnecting the two flanges «. 

Next in importance to Uie proper means for uniting the various lengths composing a line shaft, 
come the support for tiie same. When shafting is suspended under the ceiling of a room, it is 

})rovided with what are called hangers ; when it passes near to posts these hangers are changed in 
brm and are called poet hangers ; and when it passes over the tops of beams or near to the floors, 
it is earned on what are called pillow blocks. All these devices have certain parts in common, 
namely, a journal box or bearing to receive the shaft, and some kind of frame to support and carry 
this box. As has been already pointed out, all bearings for line shafts should oe pivoted and 
adjustable. 

Pivoting secures a flt of shafts in their bearings which is altogether unattainable with rigid 
bearings under the ordinary circumstances attending the erection and setting of shafts ; and as 
they ensure a flt of the shafts under all circumstances, pivoted bearings can be made long, and of 
hard metal, as already advocated. The difference in expense between erecting and adjustmg a set 
of bearings for a line shaft which are pivoted and adjustable, and a set which are rigid, is very 
great ; it being no uncommon thing to spend as much time in setting one rigid bearing as would 
have served to fix ten if the bearings had been pivoted and adjustable. If a bearing is formed 
rigid with a bracket, or bolted rigidlv, which is the same thing, the adjustment of a flt between a 
sluit and its becurings is transferred to the connection between the brackets and the wall, post, 
foundation, or whatever they are mounted on, and all the nicety of a running flt must be 
attained in setting such brackets; there is not only the difficulty of lateral adjustment in 
erecting rigid bearings, but that of the axial adjustment as well ; one is continually interfering 
wiUi the other, and for several men to spend a whole day in fixing and adjusting a smgle bracket 
is no uncommon occurrence; while by having bearings pivoted and adjustable, the fixing of 
hanger or bracket plates becomes an easy and inexpensive matter, and precision is atteined by 
adjusting the bearings after the brackets are bolted fast. The adjustment of bearings has, however, 
its chief importfmce in the maintenance of shafts ; for freedom from accidents and reduction in 
repairs of line shafts, depend on their being kept in line, presuming of course that they are 
of proper size and well fitted ; and if the bearing of a shaft can be adjusted veriically by means of 
screws, it is so simple and inexpensive an operation to level such a shaft that it may be performed 
at regular intervals, at a nominal expense and without the least detention, and thereby avoid 
the danger of accidents to the shaft, its couplings or bearings. The cost of maintenance, repre- 
sented by lubrication, repairing, detention, &c., is considerably reduced by the adoption of pivoted 
bearings. When a bearing is formed of material as hard as cast iron, and with surface sufficient 
to prevent abrasive wear, which may be the case when such bearings are pivoted, oil may be used 
over many times and retain its lubricating power ; while with short rigid bearings of soft metal, 
oil when once used is wasted, because loaded with metal dust. By using oil over aeveral times it is 
not meant that the drippings may be caught and again poured on a bearing, but that oil contained 
in a reservoir can be fed to a bearing, and by the motion of a shaft be circulated until the lubri- 
cating property of the oil isexhaustiHi ; the amount of oil consumed in the bearings of line shaf^ 
when applied m this manner, is rarely more than one-fifth part as much as will be consumed and 
wasted if poured on at intervals and be permitted to run off and be lost because too foul to be used 
a second time. In respect to repairing, it is evident that bearings which do not wear will not 
require renewal, and that bearings which keep in line will avoid those conditions which lead to 
derangement and detention. 

In Fig. 2233 is shown a section of a hanger constructed on the ball and socket principle. Part of 
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the fnune of the hanger is represented at a, 6 ib the top box, c the bottom box ; these two form the 
journal box or bearing B, in which the shaft rotates. This box is provided, top and bottom, with 
spherical surfaces, so placed as to be in reality portions of a sphere which has its centre in the 
centre of the axis of the box B ; d and «, called the plungers, are screwed into the frame, and are 
provided with cup-shaped ends to clasp the spherical parts of the box ; and in these cup^haped 
ends the box B can rock to a limited extent in eveiy direction. The screwed plungers d ami « serve a 
double purpose; first, of providing the socket for the sphere to roll in, and secondly, to permit of 
a vertical adjustment of the entire box to bring them in line, one with the other. At /is an oil 
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dish to catch the drippings firom the box. It is quite evident that a shaft placed in snob a bearing 
will control the positions of the box, and will press uniformly over the entire length of the box. 
Figs. 2234 and 2235 are a front and side elevation of a suspension bracket or hanger; Fig. 
2236 is a post haneer or wall-bracket : and Figs. 2238 and 2237 are front and side elevations of a 
pedestal beeiring ; tnese are all pivoted and adjustable bearings, constructed on the above principle 
by Richards and Atkinson, of Manchester. 

In Figs. 2239 and 2240 is indicated a plan of pivoting for what are known as open brackets ; 
the supporting bracket of this bearing is not shown in the figures, which are merely diagnuna to 
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show the oonstmotion and action. In a vertical plane the bearing moves on the pivot at a ; the 
stem providing for the other movement in a horizontal plane. lateral and vertical adjustment, 
within certain limits, is secured by means of the set screws at m and the ring-nut n. 

A method of constructing a pivoted and adjustable hanger for countershafts, and one which, 
in practice, has some advant^es not common to such hangers, is that in Fig. 2241. The means 
of pivoting and adjusting the bearing will be readily understood from the drawing, except as to 
the long ran^e of vertical adjustment. This last feature is an expedient to regulate the tension 
of belts coming down to machines such as lathes. The principal object, however, is to avoid 
coupled joints in the cone belts of lathes ; with hangers constructed in this way, a lathe belt can 
be endless, made in one piece, and the tension be regulated at will ; as the belt stretches the 
hangers can be set up by turning the nuts at a, care being taken to adjust both ends of the shaft 
the same. The bracket frame is cored out at «, large enough to permit a lateral adjustment of the 
stem c, so as to keep the countershaft in line with the main driving shaft 
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u'b adjortable and piToted bracket, irith wir-labriMtiDg bearing, U iboWD id Figa. 2243 
; Pig. 2212 is a lida elBvation, Fig. 2243 a «ectioii on tlie lino o 6, and Fig. 22M a plan 



to22«; Pig.2242U'a iidaelVvation, Fig.2 ._ ■.. , - ,^ _,- „ 

*iew of the bottom half of the bauing ihowing the oradlo C in its nlaoe. The Jonirial bradng B 
ii connected with the huiger oi biaoket H b; meona of the penoent iwlfel-pin P, and u thna 




if tnnting horizonlallj on a vertical centre ; this swiTel-pin ia cast In o 



of the bearing fi ia formed with a flange, at about the middle of ita length, to reoeiTe the 
•craw* 1, which Beonre the two halTee of the bearing B together. In the lower half of the bearing 
it supported, npon half-ionod trmmioni ' ' — -«- " — i^-i - - - - 



IpliOK 

iaring B together. In the lower half ol tbe bearing B 
eradte C, whioh ia thua frae to adjuat itaelf tertioally 




to Uie poaition of tbe shaft whioh it carries. Tbe oiadle C is of brase, and Uoed with sod metal, 
but would oTidentlT be better if made of caat iron, for the reesoDS alieadj pointed ouL At the 
bottom of the cradle i> a projecting tube d, which dlpe into the oil-well D, formed in the 
bottom half of the bearing B. The tube d forma a conductor for the oil, which is caused to rise 
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•Dtomfttieallj from the reservidi D, and ipreod iUelf over the besring-aarfaoe of the oiadla C, I7 
Uie following meatu : one ride of the tube d is ohamfered or reoeved, as at if, and thus the ahaft, 
when driTen, produces a partial Taoamn in the tube, and oaoMi the oU to flow ap from the raaer- 
Toir, and so to Inbrioate the rubbing Borfaoes. 

Vrflrath'a improTed hanger for line ehafli is shoirn In Figt 22*5 to 2M9: Fig. 2245 ii an 
end elaration, Fig. 2246 is a side eleration ihowing the shaft in podtioD, Fig. 2247 ii an enlarged 
*iew of the bottom part of the hanger, and Fig. 2248 la a rertioal aectioD throngh the coitie <^ the 




^ a— - 



lut flgora. The object of this ioyentioii 1« to bcilitate the placing of ihafte, the temoral of them 
for aoy cauee, and Uie repIaolQg of them vllhoQt ioterfering with the position of the braelcet or 
hanger io which tliej aresaBpended. The haoger A la fnrmed with a droular opening B in its lower 

Kl for Ibe reception of the jonmal-box or brass B ; a slot B is also formed in Uie lower part of the 
iger to allow the eatrauoe of the shaft laic the opening 9, Tbe box B baa formed aa its nndar 
idde two oonTel projections c, which are separated from each other by an angle of abont 60°, and 
when fnaerted in the opening B, it is held in position by a set sorow C, which engagea ia a ooontBT- 




sank recess formed in tbe enter sotface of the «id boi. To BtroDgtben the slottad part <it the 
hanger, and prevent its spreading by the wedge-like action of the projeetioai e on the inclined aidea 
of the opening S, a clamping ooTer D m attached to tbe banger by tbe Mieira O. The huti^ng 
of tba shaft in its bearing is accomplished as foltowa : Tiie boxes B haTiDg been slipped on (be 
abaft, the latter is passed through tbe ilot R, as at o. Fig. 2246, and the damping ooren D are 
attached to tbe hangers ; the boxes B are then slid along the shaft, and btooght into their proper 
poriliona in the openinga B, and fastened in place hj the set screwa C, as at b. 

Hmith and CoTentry't patent adjustable banger. Figs. 2251 to 2253, oooBisIs of aframe-eaating A, 
having a planed vertical surface, to which is bolted tho bracket B by means of two bolts bh' ; the 
lower of Ibese bolts, b% acta as a pivot upon which the biaoket B can swing laterally within lutt- 
able limils, the bole through wbich the upper bolt, b, pa»eB, being elongated to allow of this play. 
At tbe bottom of the frame A is a set screw >, by meana of which &e bracket B ia adjusted 
Tcrticatlj. The pedestal P is seKled on tbe bracket B, aod is held seourely down to the Bame by 
the bolt n; in the centreof the underside of tbe pedestal is formed a tamed projection a, upon which 
tiie same Bwingi radially, thus affording a delicate adjustment to the shaft, and enmring perfect 
contact without the use of packing. Tbe bearing surface in this hanger is of oatt iron, and 
' ' " ' n length ; one oiI<up aai two tallow-oups, one on ee& side, rapply constant 



The following method of adjusting a tine abaft ia given by Joahua Rose in a paper in 
■Engineering': — 

" Fbat, nrepore a namber of frames. Fig. 2252, celled targets. Tbeae are formed of pieoea of 
wood nailed together, with the enter edge fooe planed true^ and having on one side a line 
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marked parmUel with the pUned ed^ and aboDt } Id. diita&t from it This line ii intended fix 
lue M • gaide in oonjunctiun mth the plumb line B. The next prooeediuK ii to ttreteh 
a line vertioalW, parallel with the line of ahaTting, but BafBciently below to dear the laiKeat 
hub of au; of the pulleja npoo it, aa ahowa in Fig. 2253, in which A repreienti the sbafluiK, 
B the largest polley bub, and C the Btrelohed line. lu adiutting this line, howerer, we have 
the followmg ctmaideratiDna : If the whole line of ahafting u of one diameter, the line C ia eet 



eqnidiataot from the thafUng at each end ; bat if one end of the shafting u of larger diamatei 
than the other, the line O mtwt be aet further &om the aorfaoe of the abafting, at the imall end, to 
an amount equal to oae-lmlf of the difftinsnce in the two diameten \ snd nnoe the line is niS- 
oiently far from the shaftiiiR (o olear the largest bub tbereon, it makea, «□ far aa stretching the 
line ia oonoemed, no ditTerenoe of wtut diameter tbe middle aectiona of ghufting may be ; the line 
aliould, however, be set true, aa indicated by a epirit-lerel. 

"liie next proceeding ia to erect tbe tnrgeta aa follows ; Tbe planed edge ia brought trtia 
with and barely touching the atretched line, and ia also adjusted, so that the plomb line B, 
Fig. 2252, will stand true with the line, and when so Bdjusted, tbe target Ib nailed to the 
poat carrying the shaft-banger. In performing thin nailiug, two naiU may be slightly inaerled, 
BO aa to nittain the target, aud ttie aajuBtment made by tapping the target with the hammer, and 
the nail* then driven home, the operator taking care that driving the naila does not alter the 
adjortment; in Fig. 2251, A ia the line of slialting, B ate two of tbe banger-poet*, and C two 




tdte 



of the a4inated targeta. Having a^jiuted and Sied, in the manner above desarlbed, a target to 
eachof tbepoatarapportiDgABhatl-han^, remove the horizontal atretehed lineO, Fi^. 2253; Uien 
ooden atnight-edKe, long enough to reach from one poat to another, and begmning at one 
le ahafting, ^aoe the flat Bide of tbe straighl-edge against the planed edge of two targeti^ 
w a uiBiaDM of sbmit 15 in. below the top of tbe shafting, and after levelling the straightedge with 
a apirit level, mwlt a lioeon the planed edge of each nf the two targets, even with tbe edge of the 
straigbt-edEe ; move tbe straight-edge to the next pair of targets, placing the edge even with tJie 
mark already made on tbe Beoond target level the straight-edge with a ipirit-levd aa before, and 
mark a line on tbe third target ; and coatinue this process anlil a straight and horizontally level 
line lias been marked aoross all the targets. This operation is shown in Fig. 2255 , in whioh A ia 
tbe line of shafting. B one of tbe hangers, and C the targets ; D shows the line on the first target, 
and E the line on the second ; F is the straight-edge, levelled ready to Ibrm a guide whereby the 
line D may be carried forward, level and straight to target three, aod bo on across all tbe targets. 
The line thus marked is the standard whereby tbe shafting is to be adjusted vertically. For the 
purpoie of tliis adjustment take a wooden square. Fig. 2256, the edges A and B of whioh are tnie 
and at a right angle to each other. The line marked aeioss the targeta D, Fig. 2255, l>eiiig 
15 in. below tbo centre line of the sbaft'at the end &om which it started, mark upon the square. 
Fig. ^56, tbe line C, 15 in. frcan the edge A. To adjust the shaft for vertioal beJght apply tbii 
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Euge Bt Meh of the largeU in tlia manner shown In Fig. 2257 ; uid it ii evident that Ihe shaft will 
aet eiaotlj true, when Ihe mark C on the aqaore comea eiactl; (tit with the lines D marked on 
the targets. For horizontal adjustment, plaoe a straight-edge along tlie faoe nf each target, ood 
adjust the shaft equidistant fr im this atieight-edge, as shown in Fig. 225S, in which A is the shaft, 
Bthe target, C the stTHlght-edge.and D a Range, or distanoe pieoa. If tbMe two gauges are applied 
at everj tni^t, and the adiustments tomoo, as shown in Figs. 2257 and 22S8, tiw whole hoe of 
■hafling will be aet level and true. 

"Thereare.boweyer, MTeralpoinlsdaring the latter port of (he prooess at which oonaideration ia 
required. Tbna, ftfler Uie horizontal line maAed on the tMgea bj the straight-edge, and naed for 



the lertioal atljastnient, has beau atrnck on all the targets, the distance from the oentre of tha 
ahafting to that line should be measured at eaeh end of the shafting, and if it is found to be equal, 
we may proceed with the adjustment ; bat if, on the other hand, it is not found to be eqaal. ve 
must determine whether it will be well to lift one end of the shaft and lower the other, or make tlie 
whole adjustment at one end br lifting or lowering it, as the ca«e majr be. In ooming to this deter- 
mination we moat bear in mind what effect it will have on the varione belts in making tbem too 
long or (00 short ; and when a decision la reaohed. we most mark the liue G on the gauge, Fig. 2256, 
accordingly, and not at the diatanoe represented in our example by the IS in. 

" The method of adjustmeut thus pursued possesses Ihe advanlage that it ahows how mnob the 
whole lino of shafting ia out of truth before any adjustment is made, and that without entailing 
any great trouble in ascertatoing it ; so that, in making the sdinatmentT the operator acta intelli- 
gently, and does not oommeaoe at one end utterly ignnrant of where the adjustment ia going to 
lead him to when he arrives at the other. Tbeu, again, it is a very oorreot method, nor doea 
it make any difference if the shafting baa eectiont of different diameters or oot, for in that case 
we have but to messnie the diamet«r of tlie shaFUog, and mark the adjusting line C, Fig. 2256. 
accordingly, and when the adjustment is oompleled, the centre line of the whole length of the 
line of etiafting will be true and level. In further eiplanatian, however, it may be well to 
illustraile the method of applying the gauge. Fig. 2257, and the straight-edge C, and gange D, 
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Fig. 2258, in cases where there sre in the sanie line sections of shafting of different diaineten. 
Suppose, tben, that the lineof shafting has a mid-section of 2} in. in diameter, and is 2 in. indiametv 
at one end, and 2} in. at the other. All we have to do is to mark on gaug^ Fig. 2256, two 
extra lines, D and K, the distance between and D, and also between C and E, being ^ in., that 
is half the amount of the diifetenoe in diameters ; tben if tlie line O was at the proper distance 
from A for the seclion of 2^ in. diameter, the line D will be at the proper distanoe for the sectioD 
of 2 m., and E at the proper distance for Ihe eeotioD of 2} iu. in diumeter. In like manner, 
for the horizontal adjustment, tlie gange piece D, Fig. 2258, would require, when measuring tbe 
H-ln. section, to be 4 iu. shorter than for the 2-in. seotioo, while for Uie 2i-in. section it would 

anire to be f in. shorter than that used for the 2}-iD. section, tbe differenoe again bein^ one- 
f the amount of Ibe variation in the respective diameters. Thus the whole process ia simple, 
tKij of Bocomplishment, and very aocnrate. 
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prooeas only reqnim that the fiwed edges ot the t«rseti shall all ataad plumb and trne with 
the stretched line. It will be noted that the |diunb Iidm B, Fig. 22S2, are provided aimpl; u 
gaidea whereb; to oet the targets, and are put at about | in. iiuide of the plftned edges, bo aa 
to be ont of the wa; of the stretched line, ft is of DO oonseqnence hoir long the stretched line is, 
since its oag does not in anj maaner disturb the correct a4JDatmenL" 

Tlie flexible shaft i« oT great service for aueh pnrpotei as Iraosmitting power to or from an 
ordinary shaft to mftay tools, as drills for boiler work, brushes for fettling eastings, and the like. As 
now conrtnieted tbe flexible shaft is made up of a core, a ca«e, and appropriate filtingB by wbloU 
the two are joined, and rotary motion commnnicaled to one end of the shaft and delivered at the 

The cote i» ootnpeeed of a aeries of eoncentrio iteel wire roils noand hard on e>Mh other, the 
diteetion of the |>iton cbaaging with eaeb layer. The pitch direction of the ontaide larer is suob 
tbat the latter will tend to contnot nnder strain, the abafl always ranninc one way. The case is 
made of a hollow coil of square wire, with a slight groove on the oaler side. The coil la covered 
with leather, the office of the groove in the wire being to prevent the leather from slipping. The 
inside diameter uf the cnse is dightly larger than that of the oore, and the ends ara fdriiislied with 
iron fermles to receive the driving pnlley and the hwd-piooe carrying the working tooL 

If a piece of core be urannted in bearings, and curved eicessivaly, it will soon begin to heat, if 
•et in motion, and will Qnallv break. This contingeDcy is provided for by making the case suffi- 
ciently rigid to prevent bending beyond the safe limit. There is some slight rubbing action between 
(be Hires of the inner and outer coils, but the effect of this it so slight as to be imperaeptible, even 
in shafts that have been a long time In service. The olbei frictioniil elements oru those common to 
all machines, t)ie wear of the journals and their bearings, and the wear of the oater layer of the oore 
at paints of eontiict with the oeae. 

8TKAM NAVVY. 

Figa. 22S9, 2260 are of a stcAoi navvy, by Boston, Procter and Co., consisting of a rectangular tmtA, 
tnppcnted on four wheels, carrying the en^ne and boilw, wheel gear. Died post, and jib. Tlie engine 
i« vertiral, of 10 H.P,, two cylinders, and gives motion by a pinion upon its cmnk abaft, to the main 



spur wheel upon the main holstingdnun shaft, fKnn which the motion is commnniested to the drum 
for swinging the jib, and the drum for drawing the bucket back. The drum for swiDgiDS the jib 
bat a ruveming friction motion for swinging both ways. The bucket handle is regulated by hand 
wbeet and chain pinion, which give motion to a pinion at the top of the jib, gearing into a rack 
upon the bucket handle. The truck is provided with six strong screws, or lifting laoka, for the 

4 B 2 
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parpose of steadying and taking: the whole weight of the navvy when at work. The iib which 
carrieB the bucket handle is constrncted entirely of plate iion, and strengthened with angle iron, as 
also is the fixed post and truck. At the bottom of the fixed post is a water tank for supplying the 
boiler. The bucket is of plate iron, and fitted with four steel pointed teetk. and a sharp steel nose 
where it first enters the ground. Improved propelling gear is also provided for moving the machine 
along the rails by a self-acting arrangement of reversing tooth gear, which communicates the 
motion to the front axle by an eiKiless c^in. A corrugated iron roof covers the engine, and the 
whole of the working parts, except the jib gear. 

In an account of some work executea by this machine, in the Min. Inst. GE. vol. lii., the dimen- 
sions of the cutting to be excavated were 30 ft. wide at the base, slopes 2 to 1, greatest depth 22 ft, 
smallest depth 12 ft., length about 15 chains, contents about 45,000 cub. yd. 

The navvy is placed upon the formation level of the cutting, on two lengths of large flat-bottomed 
rails, laid upon sleepers 12 in. by 6 in. deep, about 2 feet apart. A tramroad for empty waggons 
follows up the centre line behind the navvy, and there is a road on each side the machine for filling 
waggons, parallel to the centre road, but at a level of about 3 ft above formation. The waggons 
have to be brought up to a position at right angles to the centre line of the machine, and direetlv 
under the bucket for filling. The bucket describes a radius of about 20 ft, thus requiring a width 
of workini]: room exceeding 40 feet across the cutting. This is secured by taking advanti^ of the 
slopes at the false level. The roads are connected at the mouth of the cutting by points, and close 
behind the navvy by jumps, so that all returned empties are passed up the centre road, and supplied 
to each side altematt* ly by horses through the jump. When filled they pass out down the side 
roati to form a train at the mouth of the cutting. In this way two wag^gons can be filled in a few 
seconds over five minutes. The process of getting the earth by the machine bucket may be beat 
described us paring the surface from the bottom to the top in a series of strips, about 4 in. or 6 in. 
deep, from the centre of the cutting to each side waggon, in the form of a basin, resembling the 
inside of a conchoidal shelL The man at the wheel regulates this motion, and may show great skill 
or otherwise in its guidance, as the more regular the action the less is the wear and tear of the 
machinery. When the bucket reaches the top, the driver jibs round to the wagg^on, drawing slightly 
in from the face by another motion at the same time, and directly the bucket is over the waggon the 
wheel man pulls a string connected with a cutch to the trap-door, or lid, at the bottom of the 
bucket, and the contenta fall into the waggon. The catch-man refastens the catch, having pr»- 
-vioudly thrown back any lumps which roll in its wav, and the bucket returns and drops to the 
ground for another slice. Men in the g^uUet and on the slopes constantly cut out the little comers, 
which lie outside the basin or bucket radius. This is continued until the face becomes too far 
advanced for the bucket to reach, when the whole machine is moved onward by screwing up the jacks, 
pulling the rails forward, lowering it down again on its wheels, and the navvy then advances by 
its own locomotion to the position necessary fur a fresh start, an operation whieh usuaUy oooupiee 
about ten minutes. This moving of the machine requires to be done about four or five times a day, 
and at the dose of a good day's work in a cutting, the navvy will be about 6 ft in advance of the 
position in the morning. 

Generally the harder and tougher the stuf^ is the greater is the saving over hand labour. To 
suit the different materials the same-sized machine has been supplied with buckets of from 1 yd. to 
nearly 2 vd. capacity, the most useful size being the 1 yd. The working face may be as much as 
20 to 25 ft. deep, the deeper the better, other things being equal, as then less proportionate time is 
lost in moving forward the machine. In this case also the kind of material fixes the moat 
economical depth to work at. Cuttings in which there are two waggon tracks will give a much 
better result than those in which there is only room for one track, there being less delay in bringing 
up the wag(?ons, and a less average distance swung round by the jib. The last objection applies 
also to machines working a longitudinal face, when more time a day is occupied in moving forward, 
owing to the jib having but two-thirds the range of cut that it has when working in a gullet ex- 
cavating one-third less material between each forward movement and necessitating a forward 
movement more frequently, in the proportion of 8 to 2, an important item in the loug run. ^ It is 
almost superfluous to add that the greater the content of the excavation the more profitable is the 
return, less time and money being expended proportionately in fixing and getting the machine to 
work. 

In conclusion, the advantages of the steam navvy may be summed up as follows. It will 
excavate and deliver into wagsona 500 to 600 cub. yd. of stuff a day. It is suitable for any kind of 
material, from sand and gravel to the toughest clay. It will turn out work requiring fifty to sixty 
navvies to accomplish by hand. It can reiEulily be handled by two men and a boy. It effects a 
great saving in time, and can be anickly set to work in situations where it would be diffioolt to get 
the requisite hand labour, and till more so to keep together a large body of men. 

STEEL. 

In the ordinary Bessemer operation, when the flame drops, aa observed by the naked eye, or 
when the carbon lines disappear, as more accurately observed through the spectroscope, there still 
remain in the metal some nuudredths of a per cent, of carbon, silicon, and all the phosphoma 
which the metal originally contained. Further blowing would oxidize the iron itself But if the 
slag in the converter, instead of being acid, chieflv silica, as in the ordinary operation, is baaio, 
chiefly lime, a small part of the phosphorus will be found in the slag, instead of in the metal, 
when the flame drops. And if the blowing is further continued for two or three minutes, all the 
phosphorus, excepting a few hundredths, will be found in the slag, and the iron will not have been 




things — ^the maintenance of a basic slag, and the afterblow. 
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The basio alas is formed by the addition of about twenty per cent of lime to the iron charge in 
the con?erter berore or daring the blowing. The basic slag is maintained chiefly by making the 
oonYerter lining of lime, and alao by using iron low in silicon. An acid lining would be destroyed 
by the lime additions, and would vitiate the slag. The latter result would be produced, also, by 
silica formed by the oxidation of the silicon in the iron. The difflcalty has oeen the limited 
durability of the basic lining. After much experimenting, practicable linings have been made of 
dolomite bricks formed by wetting and moulding pulverized magnesian limestone, and then burning 
at the highest attainable temperature. The magnesia prevents the bricks from crumbling when 
exposed to the air. Linings are also formed by ramming hard-burned, pulverized dolomite, mixed 
with ten per cent, of tar, into ihe converter. Ordinary firebrick tuyeres are used in lime bottoms, 
or the bottoms are rammed around rods which form tuyere holes. 

The afterblow presents little di£Bculty ; its duration is soon determined for any grade of material 
and products. 

In order that the phosphorus may be thoroughly removed, there mu^ be plenty of it Silicon, 
the chief heat-giver in the ordinary process, must be kept low. Phosphorus is also a heat-giver, 
but there must be enough of it to maintain, by its combustion, perfect fluidity in nearly pure iron. 
At a lower temperature the Bessemer process could not be completed. Iron best adapted to the 
basic process has 2 to 2) per cent of phosphorus, and under 1 per cent, of silicon, also 1^ to 
2} per cent of manganese — a heat-giver and a valuable ingredient in steel ; but the manganese may 
be dispensed with at this stage of the operation. The afterblow completely removes the silicon and 
reduces other impurities. 

Spiegeleisen, or ferro-manganeee, are added to the blown metal, but most of the slag is first 
poured out of the converter, so that the manganese shall not carry the phosphorus out of the slag 
to the iron. Otherwise the process is conducted in the usual manner. 

The piHctical success of the basic process is chiefly due to the researches of S. G. Thomas and 
P. O..Gilchrist. Their early method of working was to charge the additions of oxide or iron and 
lime at the same time into the converter, and pour the molten lead upon them. The Quantity of 
additions varied from 15 to 25 per cent, on the metal charged, according to the amount of sUicon in 
the pig iron used, but it was soon found that the oxide of iron was unnocessaqr ; besides, it cooled 
the bath of metal, and lime additions only are required. After about three mmutes* underblow, a 
sample of metal was taken, and when the bath was sufSoiently dephosphorized to g^ve a soft ductile 
metal, the spiegel was added. 

William Bid ards, who has had much experience with the process, described, in 1880, some 
converters at the Cleveland Steelworks of a size and form which he expected would enable him to 
overcome some of the difficulties experienced when working with the old converters on the basic 

Sstem. Fig. 2261 shows the form and size of the converter adapted. It is concentric, whilst the 
d converters are eccentric. During the operation of blowing, the lime and 
metal are lifted by the force of the blast, and when that force is somewhat 
expended the materials fall again on to the bottom in the new form, whilst 
in the old form some portions would cling to the nose. The concentric form 
has also another advantage ; it gives a much larger area of floor to work in 
by enabling the metal to be poured into the converter when turned on its 
side with the nose pointing away from the converter ladle crane, just the 
reverse of the present practice. In Bichards' plan of operation the con- 
verter is first heated up with coke, so as to prevent the chilling of the metal. 
Then a measured quantity of wtll-bumea lime, about 16 per cent, of the 
weight of molten metal mixed with a small quantity of coal or coke, is 
charged into the converter, and blown till the lime is well heated. The 
molten metal is then poured on the lime additions, the blast of 25-lb. pres- 
sure is turned on, and the carbon lines disappear in about ten minutes ; then 
after about two and a half minutes' overblow, the converter is turned down, and 
a small sample quickly made, which is beaten into a thin sheet under a small 
steam hammer, cooled in water, broken in two pieces, and the fracture shows 
whether the metal is sufficiently ductile. If it is not so, then the blowing is 
prolonged, after which the usual spiegel is added, being poured into the ladle, not into the 
converter. In order to work economically, the metal should oe taken direct from the blast furnace, 
so as to avoid the cost of remelting in a cupola, and to avoid further contact of the metal with the 
sulphur and impurities of the coke. It is not an easy matter to accomplish in a blast furnace the 
manufacture of a metal low in silicon and at the same time low in sulphur. Bichards has succeeded 
in making a mottled Cleveland iron with 1 per cent, of silicon and * 16 sulphur, and white iron with 
'5 silicon and '25 sulphur, which, taken direct from the blast furnace, have both made excellent 
steel. There is, however, another method of operating which obviates the necessity of making a 
purticular quality of Cleveland pig iron. In the transfer system grey iron is taken direct from the 
blast furnace to the converter without any consideration as to the percentage of sulphur, which is 
always low in grey iron. This grey metal is poured into a converter with a silicious lining and 
desiliconized, when, after twelve or fifteen minutes' blowing in the ordinary manner, it is poured 
out of the converter into the ladle, and poured again from the ladle into a converter lined with 
dolomite, taking care that the highly silicious slag is prevented from entering the basic-lined con- 
verter. In the second converter it is onl^ necessary to add sufficient lime for the absorption of the 
phosphorus of the metal, and the blowmg need not occupy more time than is necessary for the 
elimination of the phosphorus—about three minutes. 

A. L. Uolley pointed out, in a paper read before the American Society of Mechanics in 1880, 
that the maintenance of refractory linings in Bessemer steel converters in such a way as to promote 
regular and maximum production, has been the subject of more experimenting than any other 
feature of the Bessemer system, and it is still the least perfect and satisfactory feature, excepting, 
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perhapa the cutlQg oT Bte«l. Linings &re not only eHded b; the meohAiiiinl wtion of the ohnrge, 
but tbef are ohemkally decomposed by its rarioiu alags. The litioa lining! nanolly employed 
have, indeed, been so improred that an avenge ot ray ajity ehaigea in twen^-four hoon can be 
gut out of a pair of converten, and the ihiftiDg oF iuteiehangeable oonrcrter bottoms, oontaining the 
tnyerea, ia so rapid that it does not delay pioduotion ; bat the npejring of the fixed lining jnat 
aboTe the tnyerea, nbere both meohanical and chemical action ate moet seTete, is freqoently the 
oanse of delay, and the operation rapidly perbrmed betveen heata is tediona and coitly. The 
(WWDiDQlBtionB of slag on other parts of the lining most also be quarried oat, else the oonveiier will 
become too small for the charge. 

These are the conditionsof maintaioiDg silioft linings: bat thediSooltiesare increased, probably 
abont threefold, nhcn the linings are made of lime, for the bailo process. 



B, wear rapidly aad mnat be ^eqnently repaired by oooILng the converter and inserting ni 
brieka, or patching in aoine suitable manner. The couTertar is thua put ont of nse for at least 
tweDty-fonr honra, a very serione delay to production. From a wide otnerratioa Holley states that 
a basio lining ia rarely run above sii^oba^^nithontextenaiTetqHLJra, and in some works ^ep<^r■ 
are made every lime a bottom is set With some irooa there is also an aocnmnlation of slag around 
the month of the oonvailer ; its removal sometimes also oansea delay. 

The ontpnt of a pair of oonvertera in Bnrope averagea about half that of a pair of converlen of 
the same size in tbe United States, and is often lees than half. The limited endurance of baMo 
liningt in Europe in therefore a leas oonspicnous defect 

There are two reasonable conditions of improvement ; the one ia to prolong the endurance of 
basic materials, so that their nipaira can be made with little delay, while the ooDverter la in positiiMi 
for use. There seems to be little or no progroea or probability ot immediate progreei !n tbie dire^ 
tioo. The other is the rapid and oomplela lemoral of a worn lining and the replaoement of * 



repaired ooe. A third system is to douUe or treble the entire oonvertlnr plant Tbe only praoti- 
ceble way to replace a reflmotory lining, which cannot be handled by itself, ia to replace the veasel 
which oonlains it The worn portions of the lining may thos be repaired at leisure, in another 
part of tbe works, rather than Id position for use, where repairs wonlti retard output 







An obvioua way to replace an enUn eonvertar lining ia to TcpbM the entire oonverter. Thia 
aystem ia already under canstnietion in Enrope. The method ia to lift the oonverter bodily out of 
its pillow-blocks, Figa. 2Z62, 2263, and convey il to the repair shed by meana of an overhead 
traveller; then settiug a repaired converter in place bribe same means. Such a plant is doubtlesa 
cheaper than a duplicate plant, and its output should be malerially greater than that of fixed oon- 
verters. Bot the operation of changing an entire oonverter must be slow and tedtous. When the 
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UTBngcnMmt is nioli that plllow-blook capi tn leqniied, theM DHut be loooenpd by unscrewiiig 
heavy tints; then they mDtt be mode bat to (be onss chain, lifted, trsTeneil, and set down. The 
blast-pipe connection most be broken, and possibly some platbnns must be removed. Tben the 
tntTolW is placed eiaotly ceotnlly over the oonTerter, ponderons chains are made Tsst, the mass ii 
mised hiich enon^ to clnr mmiuiding parts, and drawn laterally to the repair shed ; then the 
* pla^ oentrally over its scat, and lowered and steadied, as it s«in(;e from a chain. 



traversed, gteadied into place, and screwed down, jr the converlei: is removed in sections, ti 

ferrine each sectton and making the re^iutory joints will oemipy mnob more time. The chimneys 
and tbe openinga in the aide of the bnilding must be high enonghto make passage not only for the 
traveller bat for the onnverter when lifted ont of its seat, and for the chains Uiat Bustain it A 
traTflUer of tbe reqnired power, height, and length is obviously a ponderous and costly structure, 
and to work with reAsonabto speed it mnit have independent steam power, since the hydraulic 
aystem of the works cannot well reaoh it. 

The method of replacing the liniag projnaed bv Hollev is removing only tbe ahell of the converter, 
lowering it ont of the tniDDion ring easily and rapidly, by meana of a simple lift and car, and 
repIocinK a repaired shell by the same means. No pillow-block c«pe, blast connections, nor other 
■arronnding parts are touched : a dozen cotters are knocked oal, the at|fill is lowered and run 
straight ba^ to the repair shed, the new shell ia nm in, lirted, and cotterad on. Tlie machinery 
and transferenoe are on tbe geneial level, and not 40 feet or more up in tbe air. The car may M 
moved by a small reversing engine, or by a hydraolio capstan, by means of a wire rope and sheave* 
aaitaUy stranged. The oar runs against a stop, and the lift is prafectly vertical, ao that the shell 
may be put ia plaee by two rapid motions without the delay of adjnatment. 

The lining may be healed before tbe shell is pat in place, and bottoms and tuyeres separately 
removed, aa at present, or they may be taken away with the shell, and repaii«d withont removal 
from it. In the latter case, the ahdl must he placed in trunniona, in the repair shed, so that the 
bottom may be turned downward for repairs. But if the bottom ia Brat removed, the shell need not 
be placed in trunnions in tbe repair shed ; the shell will stand mouth downward on the <!sr, a 
poMtlon moat favourable for repalnag both the mouth and the lining about the tuyeres, which are 
the two places chiefly needing repairs. This ia donbtleea the better plan, and it saves the coet of 
Bupplementary tranidon rings and taming gear. The converter may be hung ao high above the 
general level that the bottom and tuyere box can be hauled out, with tbe shell, nniler the trunnion 
ling. In caae the bottom ia proviously removed, the converter may be hung some 3 feet lower. 



_. a been remarked that in American works converter bottoms are changed so rapidly that or„ 

ia always ready, even when tuyeres stand but eight or ten operations. Changing converter sheila 
ia much more rapid than changing bottoms. Tbe several operations of removal and transportation 
•re the same, but the converter lining must bo trimmed oot to receive the new bottom, and a 
re^Bctory joint must be made. The new shell has merely Ip be cotteied on. 

The comparative cheapness of appanitna to ohange the shell, instead of the entire converter, ia 
obvious. Tlje two hydranlio lifts for removing the botloms are made heavier, and there are several 
ears of simple oonstrnctiun; tliia is the entire extra apparatus. Tbe increased oast of the oonvert«ra 
ia not important. In the other case the traveller, wltti its engine and the standards and turning 
gear in the repair ebed, and the tmnnion rings and pinions, tbe chief coat of the converters, for each 
spare shell approach in expense tljat of a duplicate plant complete. 

To avoid damage to tbe lift under the converter, in case tho charge should bum throngh and 
(all npon it, the lift table ma; lie sunk several inches below the pit level, and covered with sand. 
Figa. 2ZM, 2265 are of Holle/B plan for qnickl; changing the 
oonverter without removing the tmnnion. 

The tmnnion rinf;. Figs. 2261 to 2265, is of oaat iron, with an '^"^ 

inch wronght-iron lining; if a steel casting, it will not require a 
lining. There is a 2-mch annular space between the trunnion 
ring and the oonverter shell, and the shell is prevented from 
shifting htterally by means of the wedges Fig. 2265. The car is 
raised by the lift to receive the shell ; or the shell may be lowered 
by meana of a fork on the lift passing through the car. 

This coDSlruclion of converters baa led the way to a general 
improvement in the deaign of tbe plant. Tbe shells and bottoms 
nay be run ont laterally into the converting house, bat the space 
here is insufBcient for convenient repairs, and the shells for one 
converter could not be well got to the other. In order that there 
may be one common place for repairs, and ample room both for 
spare thells and apare bottom), they must be run out in rear of Ute 
converters. If blast fiunace metal ia brought directly to the con- 
vertera, this rear space is not otherwise wanted, bnt if cupolas are 
placed there, ss is usually the case, they must be so arranged that 
the shells can pass out under them. 

But the cupolas, excepting the spIegel oupolas, may beat be 
placed elsewhere ; if there are blast furnaces the cupolas may be ao 
arranged near them, as to ntiliza the same system of transportntion, 

hoisting, blowing, and hot blast. There should be plenty of spare gas from good furuices to hent 
mpola blast These are very imporlanC conaide rations regiirding both cost of plant and economy of 
working. And judging from the experience at many works, the disadvantages of hauling Buid 
iron aome thousands of feet in a railway ladle, are less than those due to crowding the nekiDB 
depvlnient and its stock yard and appnrlenances cloee behind Uie ooDverters. 
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Placing only the spiegel cupolas, instead of the entire melting department, close behind the 
concerting house, leaves its rear comparatively open to free ventilation, tirns cooling not only the 
space aronnd the converters, bnt also the castiue pit 

This arrangement provides ample room for me convenient removal of slag, whioh in the basio 
process is very volaminous ; one long dumping car placed under both the converter and the ladle, 
catches it all ; and as the bottom of the pit is on the 
general level, the slag is neither handled nor lifted, the 
car is simply hauled out by the yard locomotive and 
dumped. 

Iron may be got to the converters in a ladle, by 
various means. It may be hauled on the general level, 
to one or more hoists, and run into short spouts or 
directly into the converter mouths, or it may he drawn 
up a gradual incline, or lifted by a hoist to an elevated 
railway near the converters, and thence tipped or tapped 
into them directly or through spouts. 

The ladle may be mn to the converter mouth by 
various means, so as to tip directly into it, but the 
application of power to the transportation is awkwu^ 
and difficult, so that there is more or less delay. The 
ladle is drawn by a locomotive to short, steep spouts 
leading to the converters ; there is no lateral nor hand 
movement, and hence no delay. A spout leads to each 
converter, cliiefly for the purpose of leaving the space 
between the converters, where the common spout is 
usually placed, quite free for the spiegel ladle. 

The Spiegel cupolas and their appurtenances occupy 
so little room that they are placed, without interference 
with other apparatus, very near and above the con- 
verters. A railway ladle receives the spiegel from eitlicr 
cupola, and tips it directly into the converter quickly, 
and hence completely by a short mn and without hoist- 
ing or lateral movement. It mav be weighed in transit 
if desired. The wide platform between the converters 
is at other times free for bringing lime, scrap, or other 
materials to the converter mouths, and these materials 
are conveniently raised by the cupola lioist 

The floor of the converting house is raised a few 
feet, so that the pit-bottom may be on the general level, 
for the convenient removal of slag, as before explained. 
The ground outside of the converting house slopes gra- 
dually to the general level ; this facilitates the removal 
of products, and also the drainage. 

The plant for repairing shells consists of two turn- 
tables, some short railways, and a shed, also some 

platforms, and a lift for materiala. If bottoms are to be removed with the sheUs, there must also 
oe mounted trunnion rings and turning gear, also a crane, in the shed ; but, as before explained, 
this seems unnecessary. Room is allowed for repairing four shells at a time, but the railways may be 
lengthened to accommodate more. The plant for repairing bottoms consists of short railways and 
tnnitables, a space for ramming bottoms under a shed, and the necessary ovens for drying them ; 
also a crane which sets the bottoms directly on the oven cars. If tuyeres of ordinary size are used, 
fewer ovens are required ; if the bottom is all one tuyere, rammed around rods, it must be burned 
for two or three days, so that more and hotter ovens are necessary. The repeinng department may 
obviomtly be arrangt d in other ways, to suit special cases. 

The average output of the American plant, having two 6-ton to 7-ton silica-lined converters in 
one pit, is 100,000 tons of ingots a year. It will doubtless appear that the plant under consideration 
should produce more with basic linings, because it has 10-ton converters, and means of keeping one 
of them in constant repair, so that the converting operations may follow one another wiSiont 
interruptioD. 

The advantages of casting steel ingots in groups from below, that is, filling a number of moolda 
at the same time from one git or runner, are so great that many plans for castine in this way havo 
been brought forward from time to time. The chief practical difficulty in casting in gronpa hiu been 
to find some entirely satisfactory mode of stoppering the ingots, when the moulds have been filled 
to the required height. In some cases they are stoppered in the ordinary way, by a thin iron plate 
covered with damp sand and wedged down ; but to stopper in this way six or eight moulds, all full 
at the same time, before any of them begin to boil over, requires care and skill, and the plan also 
sacrifices two of the chief advantages of group casting, the cleanness and soundness of the top of 
the ingot, and the fecility that is given, by filling up to a fixed stopper, for casting to exact 
weight. 

Durfee suggests a method of making moulds for group casting closed at the top, with the excep- 
tion of a small vent-hole ; a plan that gives a very sound, clean ingot, but necessitates a diifbrent 
mould for each different weight to be cast, and renders it difficult to get out an ingot that may 
stick in the mould. Ireland uses a plain, heavy cast-iron stopper, dropped on the metal after the 
mould is filled, such as is used in easting ingots of tool steel from crucibles; a stopper of this kind, 
however, can only be used in parallel moulds, made in two parts, bolted or cottered together, and 
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in these, eren when planed all over, inside and at the joint, the ingots are apt to stick, and the 
moulds after haying oeen in nse for a short time open at the joints, oansing jQns. 

A. L. Hollev devised seyeral modes of stoppering moulds, to he filled also from bebw ; hut they 
have not come into general nse. 

In Hackney's plan of stoppering, illustrated Figs. 2266 to 2273, the stopper nsed is a cast-iron 
hlock, ahoat 2 in. thick, grooved round the edge, as in Figs. 2266, 2278, and of such a size as to 
drop freely into the top of the mould. A small vent-hole, ahout -fg in. in diam., is drilled through it, 
and is made slightly conical that the metal may not stick in it. The stopper is fixed in the mould 
hy two cast-iron wedges, as in the enlarged plan and section, Figs. 2269, 2278, and to avoid the 
necessity for having numerous wedges to suit different sizes of moulds, or heights in taper moulds, 
the sloped face of each wedge is made in three steps, so that each is in effect made up of three 
wedges of different thicknesses, side bv side, and by using either of the three wedges forming one 
group, together with one or another of the three wedges forming the other group, the same extent 
of draw is obtained as by a single wedge of the same taper and nine times me length. To set the 
stopper in the mould the latter is draped over a post of such a height that when the stopper is 
placed in the mould and on the top oi the post it is exactly at the height required. A small 
shovelful of loam, such as is used in lining steel ladles, is then thrown in, and rammed into the 
joint by a rammer 2 or 3 in. broad, and about } in. thick ; the wedges are driven in to fix the 
stopper in its place, and the mould is then ready for casting. The loam, or mixed clay and sand, 
used should be only slightly damped, so that it will just cohere when pressed together in the hand. 
The post is adjusted to the required height bv putting packing blocks or rings at its foot to raise 
the mould or by packing under its head, which for that purpose may be made loose and fixed by a 
Bet screw in the side. 

In order to prevent the squeezing down of a fin of loam between the post and the inside of the 
mould, if the loam is rammed in too hard or if the rammer is thin, the head of the post should be a 
close fit in the mould at the height at which the stopper is fixed. For this purpose several heads 
are provided, or the top of the post may be made oevelled. Fig. 2272, and four small adjustable 
blocks placed on it when it is in position. These slide down the bevelled faces of the post into the 
comers of the mould, and close up the spaces through which loam might squeeze down. The only 
openings atill left are those at a a. Fig. 2272, between the blocks, and in arranging the moulds for 
casting ingots, such as those for tyres, in which a perfectly smooth top is required, these are 
closed by laying over them small loose pieces of sheet iron before dropping the stopper in. Tjrre 
ingots may be cast either in the form of solid cheeses, the more usuaI plan, or with a core, in order 
to save punching. Stoppers for both these plans of casting are shown in Figs. 2266, 2267. 

The moulds when arranged on the base plate are filled through a central git, with a branch 
leading into each mould. The central runner is made in two parts, locked together, or clamped, as 
shown in the iUnstration, rings driven over them ; or by rings put on loosely, and fastened up by 
wedges, in the same way in which the halves of ordinary moulds for casting tool steel ingots are 
put together. The runners may be lined either with specially moulded bncks or pipes, or more 
cheaply with ordinarv slightly damped ladle loam, or with mixed sand and clay, rimmed in round 
a wooden plug, which is wen withorawn. The funnel-shaped top of the runner is in a separate 
piece, put in after the lining is completed. The runners are dried by setting them over holes in a 
thick cast-iron plate, heated by a fire or a gos-fiame ; and, in order that the lining may dry readily, 
they should be perforated all over with i-in. holes, placed pretty closely together. Where there is 
plenty crane power, to handle the runners, they are most conveniently made of cast iron, heavy 
enough to stand firmly their own weight in casting ; but where they have to be carried about by 
hand, they may be of light wrought iron. Both these forms of runner are shown in Figs. 2266, 2267. 
The light wrought-iron runners are bolted or cottered down, when in use ; care being taken to cover 
the lugs and cotters with sand, before casting, that they may not become clogged with steel 
spillings. 

The branch runners leading into the moulds are best made of moulded and burnt bricks, set in 
recesses in the bottom plate, and made firm by dry or nearly dry loam, rammed round them. The 
old bricks may be worked up, with a little fresh plastic day, just sufficient to make the mass cohere, 
so that but little new material is required. Wiiere the bricxs are used in quantity, they may be 
made in a machine, in the form of plain pipe, like drain pipes, open at both ends ; the hole in the 
top being cut by hand out of the unbumed brick. The nole in the further end of the brick may 
either be filled up by a piece of clay, before it is burned, or dosed with a little loam in setting it 
in place. 

It is well known that under the conditions existing at most steel works considerable waste takes 
place, which could be avoided if the ingots were cast to the weight required. As a rule, the ingots 
are calculated at the rolling mill and ordered of the weight of the finished article to be produced, 
plus an allowance determined by practice, and it is the problem for the steel works to make them 
of this desired weight. The only means to attain this nas up to the present day been the plan of 
calculation by volume, or in other words the calculation of the ingots of a given cross section, the 
height being marked with a chalk on the inside of the moulds, and this mark forming the only guide 
for the workman to go by. 

With this method of casting ingots to a predetermined weight, no exactness can be expected, and 
to remedy this is the object of the arrangements. Figs. 2274 to 2281, for weighing steel ingots in 
the process of teeming, which have been designed by F. Moro, of the Kladno Steel Works, Austria. 

In Figs. 2276 to 2279 the moulds stand as usual upon bottom plates, and these upon channel 
irons which are fastened to a base plate common to several moulds; in this manner tnere is suffl- 
oient room underneath to introduce a weighing apparatus. This consists of a lever, arranged as in 
Figs. 2274 to 2278, the apparatus being mounted on a suitable carriage running on rails, the weigh- 
ing gear being also capable of being moved laterally by means of a rack guided in a frame, so that 
by turning the pinion which gears into the rack, the platform of the scale can be run out under the 
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ingot mould to be weighed, tlie toggle ioint then enabling the platform of the scale to be at onoe 
brought up against the under side of the intcot mould, so as to take the weight of the latter. Thus 
in this case instead of the body to be weighed being, as usual, placed upon the scale, the scale is 
raised underneath the body. 
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After the required weight of metal has been run into the mould, the operator that is pouring 
can immediately bring the table over the next mould, without regarding the weighing apparatus, as 
before he has cast halSf the next ingot the apparatus will have been lowered, withdrawn, and brought 
under the mould now to be filled. In this way the teeming of a charge is not delayed. The appa- 
ratus is closed perfectly, and so an accidental spattering roimd of the metal cannot injure it in any 
way, and for the same reason the attendant is protected by a shield. Should any serious danger 
threaten the apparatus, the latter can be withdrawn and removed immediately. The apparatus, 
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Figf. &Z74 to 227B, ii eapeoiaUy uranged for moving on ft Hue of mU« nink below the level of the 
pit floDT and ovttide the line of ingots, aa in Figs. 2279, S2S0. Pig. 2279, however, abo ihowi how 
• iligbtlv modified weighing nuohine onn be arranged on raila iiuide the line of ingots and on the 
level of the pit floor, if deiired. The npnuatos should, If powible, be placed between the monlda 
ftad the boraer wnll of the pit, which wall for this reoaon must be put bock about 24 in. 




tn another arrangement a Male ii med which ia itationary, and which tokee hold of the mould 
bottom plate from two udea. This ia like weighins on two aoalea anited into one. The atationary 
acale ia nacd in thia caaa. aa the pit ia ao arrangtsd that the moulda tie ran upon tracks, and the 
ladle remain! stationary. The arrangement it aliown in Fig. 2281, from which it wiU he acen that 
on theplatfoim of the monld trucks two rails are rigidlv&atened, iheaaaerviDg for Uie monld plates 
to rest upon. In thia manner room ia made for the scale 

levers, which when the scale is put out of action are in 3^'' * 

the position lodioated b; dotted lines, thus letting the * 

bottom plates past over them as the mould truc^ are 
moved aloag. The train of mould trucks is so arranged 
that when a mould tn be weighed arrives above the aoaie 
levers c, an eiaot adiostment of the mould Is not neae«- 
Bory if Ibe bearing edges are placed at sufflcient diatanoes 
from each other. The truck being in place a cock ia 
turned, and hydraulic preeaure ia brought underneath the 
plunger x, which raises the main centre, and eierts a pull 
b; means of (he lever y, Qied at this time, ou the con* 
necting rod z. This raises the oae-armed lever o, and 
h; it the bottom plate is, through the levera u and e, and 
links t, raised and brought in talanoe so that the weigh* 
ing can proceed. 

Before casting, it ia neoeesory to know the weight of 
the emptv mould. Thia can he ascertained in different 
waya, either by making the monlda of one kind of the 
same weight, t^ oorrecting the diSTerences tliey originally 
abow by shrinking on iron bonda of different weight, or 
by marking the weight of each single mould in plain 
figures upon it, and from time to time weighing the 
moulds over again to observe any possible alterations la 
their waigbL Aa the sliding weight on the soale beam o 
ingot to be oast, the beam ia before and while pouring in a downward position, towards tiie end of 
the pouring, it slowly begins to rise until the play of the scale indicates that the block has been 
cost of the deeired weight. 

8TONE-WOKKING MACHINERY. 

Hachinory is at present employed for sawing, planing, and moulding atone, hut exoept for 
contract work, where large blocks and alaba are required of regular dimeDsions, stone-machinery is 
still restricted to the spei'ial uses above mentioned. 

It has been frequently attempted to use the impnre black diamonds for cutting stone, and 
altbongli they are of snch endurance aa to stand constant u«e. yot there seems still to be oonsider- 
able diffloulty, not in the oouBtmctlon of the machines, but in the method of biiliilng the stones, 
which render tliem aomewhat eipensive for ordinary parposea. A diamond aaw consists of a 
commoD saw, either circulEU' or reciprocating, its teeth pointed with diamonds, which are imbedded 
or clamped in the Btecl, so as to prsscnt a surface so much wider than the saw blade sa to permit 
the latler to pass freely through the kerf. The slit or kerf, however, ia generally wider than the 
thicknesa of the diamond-pointed edge, which ia tbe result of grenuliir ahraaion bovond the tooth. 
It must not he inferred that the diamonds employed are larger in diameter than the thickness of 
the saw plates. By stnggering tbem, that is filing them alternately first on one side and then on 
the other, corresponding to the setting of a saw for wood, the carbons can be comparatively small 
and yet out their way. 
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Figs. 22S2 to 2264 relate to ■ simple uid effective atone-Mwuig machine. 

The muhiDe eonsin* prinoipiillf of four aprighta, each made of two semi-balki plaoed nilB- 
cient diitaDce apart to admit of the vertical motion of the cnwe beaiera a, oarrjing friotioD rollers c, 
□pon which the taw bame redprooates. The latter owuiat* of two longitudinal pieces of angle 




troQ connected together at the ends bj two pieces of flat iron, Fig. 2263, which form the mieaDJ of 
holding the saws at different or eoDsl distanoea apart. The saw frame ia thna very light, sad 
requires little power to move iL The bearen a are auspeoded from chsins running over abort 
barrels mounted, at Che top uf the uprights, on shafts carrjing also grooved pallets, over which 
run chaios from balance weigbia, bj meaos of which the whole or any portion M the weight of the 
saw frame and saws may be brought to bear upon the cut. 

At tbe undt^r side of each end of the saw frame ia fixed a wedge-shaped pieoe of wood ooveied 
with iron, forming an inclined plane e. Fig, 22S4, which 

at eanb end of tbe stroke runs up on the friction roller c, i™*- 

thus lifting the saws and allowing of tbe supply of new 
sand to tlie cutting portions jiut as they begin a new 
stroke. The vibrating arm / ttom the eDgine, by which 
the nw frame is moved, ia attached to a flat twr d with 
several holee in it, into which the pin oonuecting the 
vibcating arm g therewith, may be shifted as the saws 
descend into uie bluok of Btone. This vertical b.ir ia 
firmly stayed, and in sach a manner that it may be 
readily fixed in the poeilion indiciited b; the dotted 
lines, so SB to keep the end of the arm / at auoh a 
level, that it may not tend to lift the saw l^ame when it 
is on the top of a large block of stone, uor throw any 
prewore in an oblique direction upon it when at the 
bottom of a block. The end of / is attached to a eiank 
pill, the sbsft tArrjing which ia of a fixed level, so that 
the angle which would ho aaanmed by tbe arm, without 
some such arrsueement as that described, would be 
occasionally suffloient to greatly decrease or increase tbe ' 
pressure ou that end of the saws, when at the top or 
bottom of a block respectively. 

With an engine of about 2} horse-power, a rough 
madiine of this description will cut 100 sup. ft of hard Portland stoae in 10 hours. Aboat 
Mveoty strokes a minute is foaud to be tbe best speed, and 16 in. to be the best leegtb of stroke, 
the laiid being worn out after having travelled that distaooe. Feeding in the sand I^ haud- 
•nppiied water ia adopted, as the saws most needing it may be given a lai^ qoantlty. 
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Figs. 22S5 to 2287 shoir the mnahinery io dm for Bawing stone In lArjte worlca in Inoioa. In 
Pig. 2265 four timbers of kbont 9 in. sqUBre and abont 12 n. high »re driTen into the gronnd, and 
BTH united at the top by cross limbers and by outside diagonal timber bracings, forming a aom|net 
and solid stand. Between the stand, and fixed to the top cross timber, is verticmlly sospended a 
timber called the svinging boom. Betneen the atnnd aovca the saw frame, which is suspended at 
its four comtrs to tlio stand by means of chains. On the top are the necessary pulleys and droms. 
The sawing fiame oonsists oF two longiturlinnl oast-iron arms about 12 ft. long and 4 in. deep, which 
are provided at Ihcii enda with loogiUidinal openings to receire two wiought-icon bars, which ara 



One end of the saw tiaine od each side is pTorided with a small arm bearing a slide pieoe, 
which serves as its guide and connection by slidiug in the vertical slotting which is fixed to the 
■winging boom, and comes into action by tbe down and npnard motion of the saw frame. The 



suspension of tba sawing frame ia carried out as follows; — The ohains attached to the end of tl 
frame faoing the swinging boom are coiled over and fixed to the drum which is placed on the front 
pillars, while another cluin rnna from the same point of the frame over the lai^ pulley fixed to 
the shaft of the back drum, which ia placed on the top of each pillar carrying a connterbalanoe 
weight. The chains or ropes of the tree back end of the saw frame are ooilad over and fixed to the 
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back dram, while again another cliaia flieJ at the aanie point of the frame having also a oonnteT- 
bcdaace weight attached to it, is running over the Urge palle; placed on the ahaft of the front 
dram. On each aide of the stand are pUoed winches, froia wliich endltsaa cbHiiii ore running over 
the largo pullefi for winding up or lowpriag the frame with its aawa. In a similar arrangement. 
bnt leas complicated, the auapenaion chains, Fig. 2285, run from the two corrsBpoading poitita of 
each aidu of the frame to a central drum on which they are fixed. Over a large pulley filed on the 
■ame centre ahsft, hut plaeod OQtaide tlie stand, ia enapended a chain with a weight to oouotcr- 
balanoe the saw frame, wLile a eeoond endlega chain ronniog over the outer ring of tlie same 
pulley sets it in motion, thus lifting nr lowering the ftuno. The forward and backward motion ol 
the saw frame, which u coonected tliroagli glide pieoes to the awioging boom, ia effeoled through 
the ooDoeetion of the latter with a ateom engine or to a main shaft driven by an engine. The aawa 
Bie of malleable tmromered iron, about 6 ft. long and 5 in. wide by ^ in. thick, plaiu-faced, without 
teeth. Them are from five to ten aawa, and aoaetime» even more, in one frame. The blocks to 
be out are either oairled to tlie machine by tmcka moving on taila, or are placed in poeitioD by 

The »w designed by H. Conradi la for the parpOM of sawing blocka of ooatly marble into very 
this alabs with as little waste oa possible. The slabs cut ont of the sama Hone can be either of 
equal or different thickness, but have u nearlr as posalble a parallel cut The machine oooDpiea 
a small apace and can be easily removed, and be driven either directly by a stuam engine or nvm 
shafting. Conradi baa reversed the principle of the marble and sloue sawing frames genetBlly 
uaed. The principle of the ordinary saw system oonaists mainly in a to-and-»o and an up^nd- 
down motion of the saws, carried on by means of a h«ely-«uspeaded movable bnom attached to the 
engine, the saw frame being moved in a fixed frame. Conradi transforms (he fixed stand Into a 
movable one, carrying the saw frame with it in its forward and backward motion, the latter 
receiving its np-and-down motion by meana of a soapenaion arrangement. The arrangement is 
shown in Fig. 2286 in sectional aide elevation. In thi! first design the frame conaisted of fimr 
cast-iron columns bolted firmly togi'ther nt the (op and bottom, the front pair being directly 
connected to the engine by meana of ouDnecting rods, while the other puir was guided by rneans cj 
a guide bar hearing on a clinir plaoiid beliind it. They were provided wiui vertical groovua 
running inside from top to bottom for the reception of the saw bearers. For greater stability, and 
to obtain the cuts in the marble as straight and as parallel as poasibli-, the columns tun or' — ■ — 




slides instead of rails, thus avoiding as much a 
frame may be exposed through irrwnlarities in 
different hardnesa in the material to be ont. 

The aaw frame consists of two cast-iron transverse beams provided wiih longitndinal openings 
for the reception of the saws, wbieh ore keyed on one of the booms moving up and down in the 
grooves of the bout colnmns, the other moving in those of the beck oolumna, which arc boiled 
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firmljr togetUer, Fig. 22S7. The saw bearers ue flied to a longitudinal betun nmniiiK from 
centre to oealre of the saw bearerj by meang of TeriicAl eonnecting rods, the beuen being lo*- 
pended by means of lOpes, or cbains, which, raaaiDg over gaida pulleja, ue coiied roood the 
dram of aa ordinary hoisting crab, provided with a brake fixed on the ^um abaft. The bnki ii 
worked by a coimterbalanoe weight on a lever, tbiu regulating the speed of tbe drum, snd with 
it, tbroQgti the winding up or oawinding of the rope, the up«ud-doWD motion of the aaw bearen. 
At intervala of about ten miuates the attendant dis^ibutee me sand and water used for sawing, aod 
alao effacts the lowering of the saw bearers aud plaoea the frame in aqnilibrium by altering Ott 
position of the cooDterbalanoe weight on its lever. The pulleys for tbe topei of the beam aBspen- 
■loD arrangement are carried by cbaira or pinmmer blocks tautened to the ceiUngi^ tbe diiviiig at 
looaa pulleys being placed on the shafts. The saw frame works with five MWS. 

The jnactioal dilBculties fbuud in setting the machine to work were the tightening of ttie lawa 
and preventing the wear of the slide pieeea from the water and sand bUing on tliem. The fini 
difficulty has been overcome by means of strong Btaya, which keep the oolumnH and taw b^uen at 
the required distanoea. The seoond difficulty was met by fixing a oovet to tbe foot of tbe ooIobui, 
and thus preveoting tbe water and KUid spreading around. 

As regards the stays of the saw bearers, tbey are usually stnugbt wrought-iions bars of about 
1 iD. in diameter. They are also made onrred in order to allow any size of stone to be brought 
under tbe maehine. and to avoid making the framework of too great width. In some ■"-*-"-— 
OoDiadi tbuod that the sawing ooaJd be effected without Sxing the stays to the saw bearers, if tbe 
natureof tbe stone did not require the saws to be very strongly tigblened np. 

With regard to the work ^ne by the maohine, tbe catling being obtained through the preanira 
exGToised by the saw on tbe itone, the grit used thns entering into the porea of the soft iroo 
prodnoes a rough cutting surface. The reaiatanoe of friction to be overoome along the rubbing 
Burfaoee, the travel of tile saws, and the pressure, are therefore tbe data to be consi&ied. It ia lo 
be observed that some saws working with a swinging motion cnt only fbnr-flnhi of their leagtfa, tba 
aaws being shaped aocordingly, while otliers ent with their entire length. "Die presMiie ot lb« 
BawB on the stone varies ocoording to the softnees or hardness of the lattw, and it is not muck 
greater in a steam than io a hand saw, as the greater preasuie doea not give a truly clean eat, but 
will rather tear pieces off the stone, or, if the material is too hard, will nsat the saw. Tharefom 
the saw is balanced until its preasore on the slona is eqnal to that exercised by a man, wbiob 
Conmdi assumes to be atoat 20 lb. 

Assuming the engine to be ma-Hng 120 revolutions a miante, and the travel of the saw to be 
about 5 ft, we have ; speed of saw= 120 x G ft x 2 = 1200 ft. The oaefficient of friotioa of 
Btone on stone being = 0'71 in cases of repose, that of motion being = coeffioieat of repose x 0'7, 
we obtain therefore: work of autting = 1200 fL x 20 lb. x O'TI x 0'7 = 11,928 foot-poDods a 
minute. Assuming fnrtlier, in round figures, the weight of the cast-inia bamework, with its aooea- 
Bories to be = | ton, it foUows that the pressure on the slidet will, with 1 fL 6 in. sboke of saw, 
become 120 rev. x 2 x 1-6 ft = 360 ft. of travel, thos the work produced = SCO ft x 1120 Ik 
X 0-18 X 0-7 = 50,803-20 foot-pounds, giving, aa the work of cutting = 11.928 fbot-ponnda. 
work of frame motion = SO,80S'20 foot-pounds, a total of 62,731 fbot-ponnds a minot^ or 
^^ = 1-90 H.P. Taking tbe frame compoaed of five saws, the work of ootting will be aa 

above ; 1200 ft. x 20 lb. x 5 ft x 0'71 X 07 - S9,640 foot-poonds, work of ftame notian aa 
before = 60,80320 foot-pounds, making a total of 110,443-20 foot-ponnds, or 3-MH.P. a tame. 

This result is somewnat higher as ^own by Dmotical reaulta, the ooeffluient of EriotioD and tbe 
presHure on tbe saws apparently beooming reduced during 

motion, and therefore losing some of their direct influence ^^i- 

and amonnt by working several saws together. With one 
fMme a stone from 6 ft to 8 ft in length will be cut, 
aooording to Its softness, to a depth of frun 2 ft, to 2 A. 
6 in. a day of nine hours. 

A further improvement made by Oonradi consists 
in fixing the winding drum directly on the apparatus, 
and in setting the machine on rollers for the purpose 
of cutting ordinary stones. Figs. 2288 to 2291. This 
led Conradi to transform it into a portable machine, 
and to enable it by means of timber framing, bearing 
the suspension arrangement of tbe saw frame, to be 
used on open groaod, and to be oairied from one building 
site to the other, thus enabling the builder or contractor 
to have tlie stones cut directly on the spot, instead of 
being sent to the stone sawing yard. The economy in 
time and labour thus obtainable is worthy of oonsidera- 
tion. It is Bpeoially applLcuble for small buildings, where 
the mntractur, after having the stones cnt in one place, 
could send the machine to work at another place. 

The requirement of this kind of work is fully met in 
this machine, the practical value of which is increased 
by providing it wiui a lifting ariangemenl, and in using 
the dmm lor the up-end-down motion of the saw frame 

for lifting and lowering the stone. The mai^ine thus effects all the manipnlationt required. The 
stone coming ftom the quarry is carted directly under the machine, where it Is lifted into poaltion 
ready (o be cut and wheu finished ia replaced in the osrt to be taken away. Tbe timber saaung, 
shown as driven into tbe ground, c«n also be plaoad on rollers and steadied by mean* of wedgM or 
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rimilBi amngementi. The east-iron fraEOBwork, Fig. 32Se. ii plued on ordinu? road roUera 
tiavelliog over ftronnd luid with gravel. The lifting apparatus ie flied la s bracket provided with 
a sliaft, and which is either fixed to the boiler of the entflne in a temporary or permanent mannei. 
In the former case Mveml iron bande carrjjng the brackets are boiled to the boiler and eecared by 
set screw*. A driving belt runs from the engine polley to a pulley on the shaft of the lifting 
appantos, where from snotber pnlley another driving belt is carried to the driving palley, which 
Is keyed to the dram shaft of the saw frame. 

Daring the operation of lifting or lowering the stone, the uw fhtme with it» aiispension 
ttrtBUgement is taken of^ bnt the pulleys guiding the rope or chain, being flsed lo the timber 
frame, remain. 

The dotted lines in Fig, 22B6 show the different positionj of the machins daring its travel. The 
opeiatioD of liAing the atone from the c«rt and placing it under the saw frame is seen at Fig. 2292, 



the stand beine there represented for the purpose of antting stones on rood tollers, showing that 
there is no dimcatty in moving the sawing apparatus placed on slides or on rollera, the miuthiDe 
being arranged so as to allow ine one to be replaced through the other according to the kind of 
'- \o be executed. After the stone has been placed, the lifting apparatus is thrown out of gear 



by unconpliug tlie whole arrangement or by 
shifting the driving belt on a loose pulley, Fi^. 



2287. The shaft of the tiftiog a: 
provided. Fig. 2287, with a flywheel, S'ut as the 
operation of lifting and lowering the stone 
takes only a very short lime, these opetvlions 
could be effected without it and with a gain in 
economy. The saw frame, consisting of its 
bearers and saws. Figs. S2H7 and 2293, is then 

Ct in position by attaching the ropes, which 
re again become free, to the suspension 
arrangement. The machine is set to work 
until the cutting is flnisbed, when the suspen- 
sion arrangement and the saw frame are again 
taken away and the lifting apperatng thrown 
into gear to lift the stone on to the cart to be 
carried away. 

Fig. 2294 is a ground pbin ; Fig. S29S a 
longitudinal elevation ; Fig. 221tG an end eleva- 
tion; Fig. 2297, 2299 details of driving disc- 
Fig. 229H, top view, showing direction of 
screw and manner of working of a plant for "^ 
sawing stone desigued by T. Olaister, and used 
with lucoesa in the English coloniea. A is a 
saw frame of the ordinary description ; B a oon- 

necting rod with two ends C ; D a pendulum for driving the saw frames sospended at B, working 
at the Tower end in a guide F, by friction rollers, and driven by a oonneotiuK rod G, attached to the 
motor ; H is an axle for suspending the saw frames ; 1 T, pulleys from which the saw frames are 
suspended by the hangers J; there are two oentral pnlleja L, which may he placed in any position 
on the axle, the one being for balancing the frames, the other for lifting tnem from or lowering 
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tbem ioto their cuta ; H Is the point to vhieb the axle H U extended bom the main ftamlng Z, it 
U connected br on endleea shun to the upper pulley N ; theee two palleyB ihonld be the tatno 
diuneter aa 1 1 ; O is a oog wheel placed on the auue aile aa N, and of equal die, it worka the 



connecting rod mupender P bj the rack on the nupet end Q, which being aecDied on 
conrcotinj; rod B, and working in guides up the Dendulani, kecpa the oooneoling rod on the i 
level as the tituae, and travpls up nnd down gnidea B at the aame apeed ; tlie palleja 1 1 w 
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Tertic»l ^jdM 8 B, vith the fmUon rollen TT; tbxaa ue sdJaElad, wbeii worn, with ietpitu; 
tho luipeDdiiig rods U can also be altered at V to re^Uto the sweep. On the wde of b pdUbt, 
oQ the mftitt Bsle H, « maH break ii plooed to regulate the lift of the (nme at eaoh atroke, It U 

4 2 
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controlled by the weight attached ; W W are friction rollers seemed by brackets at each end, they 
can be adjusted, when worn, by set pins Y T. 

Figs. 2297 to 2299 represent the method of shortening or lengthening the stroke when the 
machine is in full motion, so as to g^ve the saw frame the same swin^ when lifted to its ntmoet 
height, as at the lower part of the oat. The face of the disc, Fig. 2297, is strengthened at its 
npper side, and revolves on an axle ^ ; n is the slot in which a block is fitted with overlapping 
flanges, holding a driven pin t, and sliding up and down in the slot ; hj a strong rod wliich passes 
through the block secured above and below, but allowing it to revolve. This it)d is screwed at 
its upper end, pas&iag through the rim of the disc, and terminates with a small wheel /. By 
applying friction at m, Fig. 2298, this wheel will, at each revolution of the disc, revolve in the 
direction of the arrow o, pressing down the block, and shortening the stroke ; applying friction to 
the side n, the wheel will take the opposite direction and lengthen the stroke. 

The sand feeder is a hollow tube extending across the cuts, with perforations for the discharge 
of sand and water ; it is driven by a connecting rod 6, attached to the pendulum ; this can be 
lifted or lowered to suit the material to be cut, by a rack above, and corresponding rack c below ; 
inside the tube is an agitator, kept in constant motion by a segment wheel d, and it is supplied 
with sand and water by a pipe at the line of e from the hopper above. The d^ris and water from 
the cuts fall into a cistern, they are then raised by elevators to a shaking table, where the silt is 
separated from the grit, the latter passing to an agitating cistern above, and thenoe to the 
feed pipe. 

Figs. 2300 to 2302 illustrate graphically the difference in the various modes of suspending stone 
saw frames. 

In self-feeders by machinery without balance weights. Fig. 2301, a is the fixed point of 
suspension, b b the extreme length of stroke, and the line c c the material to be operated upon ; when 
the frame is raised by the backward or forward motion to the extreme point 6, it is lifteid oon- 
sidenibly above the material, and can only touch it at the point d, the remainder of the stroke 
being altogether lost ; and immediately upon coming into contact with the bottom of the out, 
having no elasticity, it crushes the sand at once instead of by gradually rolling it on the surface of 
the cut, the cutters afterwards running with little pressure on the stone without sand with the 
trolly motion, in which the frames run with sweeps, on rollers attached to hangers, but having 
suspended weights, and driven by a disc, wiper, or crank fhotion. 

Fig. 2300 ; the frame is shown level with the driving axle, which is the best position for 
cutting; yet on the disc revolving in the direction of the arrow, at points ee and//, the thrust 
and draw is downwards, acting against the balance weight by giving additional weight to the frame, 
while near the two centres no pressure takes place; this pressure is greatly augmented when 
much above or below the level of the axle, in which case, acting alternately, the balance of the 
frame is destroyed, so as to reduce to a great extent the work. 

The pendulum motion. Fig. 2392, which has less defects than the other two, but is still 
deficient I is the frame, t the pendulum, k the connecting rod, and / the length of stroke. 
When set in motion the circle shown is described, and on the frame lifting to its mdance weight, 
by a thrust or a draw of at least six tons, in ordinary working, the connecting rod slides up and 
down the pendulum with considerable friction, materially augmenting the power required ; and at 
the same tim^ when lifting, the frame retards it by fnction, partially overcoming the balance 
weight, and, when the frame falls to the stroke, partially suspending it, so the weight required to 
cut effectually can only be attained at one point of the stroke ; and, at the same time, the friction 
of the connecting rod with the pendulum causes it to slip by jerks, preventing a higher speed 
being attained than from forty to forty-five strokes a minute, while a much higher speed is desirable. 

In Fig. 2295 the connecting rod suspender is arranged on the front side of the pendulum, to 
convey a clearer idea of its operation, but it may be placed on the other side, which will prevent 
the crossing of the band or endless chain. The axles of the pulley N and wheel O can be 
lengthened to the main framing Z, when the pulley M will work by the side of the pulley I. 

Fig. 2303 is a side elevation, and Fig. 2304 a plan of Oooke and Himter's machine for facing 
or moulding the edge of a stone, a is the driving shaft, a'o two loose puUejrs. The pulley o has 
fixed to it a bevel pinion, and the shaft a has upon it another pinion, both gearing into one bevel 
wheel 6. The driving strap, guided by a fork c while running on a' drives the shaft a and the 
bevel wheel & in one direction ; when it is on o it drives the wheel to which it is attached, and the 
shaft a in the opposite direction. 6' is a shaft to which the wheel 6 is fixed. This shaft carries the 
rotating cutting barrel, or plates. The shaft a, by means of gearing c', drives a screw cf, or when 
c' is brought into gear with c" the screw is driven at a different speed by a band from the shaft a. 
e IS the bed of the machine, on which is mounted a sliding table /, which is moved to and fro by 
the screw d like the table of a lathe. /' is a transverse slide, on which is placed the stone to bo 
operated on. ^ is a standard which is mounted in bearings, so that it can be turned round or 
raised or lowered by means of a screw and handle g\ This handle is slotted to receive a scraping 
tool, which consists of a fiat plate of steel shaped to the profile of the moulding, and which is 
secured in the slot by set screws. The rotation of the standard g is limited by suitable stops, so as 
to bring the scraping tool against the stone, or to turn it clear from it. A is a self-acting reversing 
bar connected to the fork c by levers V, and working like that of a planing machine. 

The stone to be operated on is secured upon the slide, the gearing for working the screw d 
being so set as to give the table/ a slow forward travel. The cutters on the shaft 6' rotating while 
the stone advances, the edge of the stone is cut to the form determined by the profile of the cutt^a. 
The slide is drawn back by means of a hand-screw A, so as to bring the edge of the stone clear 
of the rotating cutters. The scraping tool is brought around into position by turning the standard 
g so that its edge is presented to the stone, and the gearing of the screw d is altered to give the table 
a quick travel. The stone is thus carried quickly past the fixed scraper, and the operation may be 
repeated several times until the required finish is given. Instead of fixing the scraping tool in a 
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■lot it nwj be htld in m ilide rest Bied to the BtaDdard ir, so a* te be conTeDJentl; adjiuted. 
Imt«id of fixing the itooe upon the elide, it may be Sied on a. plate or bed mounted on a pitot un 
/ BFtinK M a turntable. Tbo (tone thereon beinjf turned round amy be cut crlindricallv, or by 
turtiiDg it tbrouf^ an; part of a revolntion Iti edges may bo cat with a carTs, or drewed t« any 
desired angles. 

Fig. 2305 ia au enlarged ■ectiou of a modifled form of the msobine. and ia employed when it is 
desired to mould a stone on both edges, or to aaw it acrou from both edgea at one operation. The 
bed of the machine supporta at / a sliding table moved along it by the traTelling; screw, b, b 




are Terticcd Bbafls, one at each side of the machine, driTCn either by repetition of the gearing, 
Flga. 2303, 2301; or one of tbem may be so driven and the other geared to it that tbey may 
revolTe in oppoaite directions. Each of these shafts is fitted with a rotating cutter bairtl, ur when 
the stone baa to be sawn, with circular saws m, m, which nearl; touch each other in tbe miitdie. 
The stone I being placed on the sliding table /. which advanoea it while the saws m m revolve, is 
aeparated by their action. The saws can he adjusted vertically on these ahafts, so as to separata 
the gtone at any desired level. 

The te«th or cutters for the tavi are cylindrical tapering bolts, Figs. 2SI1, 2312, with flat 
heads, which do the cntting. A powerful machine on this principle ia an arrangement of a pair of 
saws, each 5 ft. 1 in. in diameter, that work horizontally upon npright shans, and in their work 
meet each other within about an Inch. The sawn slab separateH readily and uniformly at tiie 
middle of the piece lert uncut. Each of these saws bas forty-four cutting tools round its periphery. 
These are carried bv holders that are wedged into the outer edge of the saw plates, and liave holes 
forged in them for the reception ef tbe tools, as in Fig. 2312. This machine will cut about 1 ft. 
anperflcLil a minute. A block of Portland atone,? ft. 9 in. by 4 ft. wide, can be cat into a ahib of 
2} fu. thick in retber less than twenty-five minntes. 

Figi. 2306, 2307 are views of an apparatus for moulding stone to a circular sweep, d is a shaft 
carrying a rotating cnlter; b is the itone flxed on a table or slide c, which is mounted and 
tiaveries on a bed curved to an arc nt a oirele. Tbe edge of Uie slide c is cogged and geared to 
a rack t, whioh it made to traverse by means of a screw /, driven by aullable gear for rever«ing 
and altering speed. The serew being turned while the shaft revolves, the stone is cut to a sweep 
oonceatric with tlie curvature of the bed. The shaft may be adjuettd vertically, and the stoue 
may be blocked more or leas to vary tbe ledins of tbe curvature. 
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Fig. 2308 rapiesenU a eide flew, and Figt. 2309, 2310 1, leotiOQ of Hnnter'i lotating ontiera fitted 
with cnttiug tools aeonred in gmdoated socketB. s ( are the ontten, which are nutde o( different 
deptha, these lengttiB Bod depths being graduated by snooesaiTe steps. When the cotten are 
gnraud, and thereby shortened to the extant of one of these steps, each is transferred to the next 




step in order, the nlatite projeatlaiiB of the cattora being thus msiutained. By properly foiming 
the sookets the outtets may be made of reotangnlar, triangnJw, or other ooDTsolent section. 

G. Hunter bas devised snolher apporatoB in which blocks of Htone, placed npoo a reciprocating 
table, are subjected to the action of revolTiug and soniper tools, so as to out their sorf^Me to Bat or 
moulded fbrms. 





Fig. 2313 repreBents a plan; Fig. 2314 a side view, and Fig. 231S aa end riew of this stone- 
working machine. Pigs. 2316 te 2319 txiing details. 

A is the mun fnme on which is fitted the sliding table B, On the under side of the table is a 
rack b hanng sloped teeth that engage with a worm, slightly tapered and fixed on a shaft e, 
which slopes oowDwards to the level leveisitig gear D at the end of the maohine. By thus sloping 





the shaft c, the reversing g(»r can bo mounted at a level suffioiently low to permit the table B to 
DasB over it, thereby shortening the bed of the machine. E is a amss shuft on which ue right and 
left worm-wheels t <r, that drive the upright shafts F, F, one on earh aide of the table, thcM shafts 
carrying the revolving cutters, Fig. 2313, arranged nearly to the ouUino of the moulding to be 
out on the atone Q. Tlie upright shafts F, F may be mounted in sliding boaringa, ao that they 
ooold be set wider apart if required. On each side of the table is a column H that can be raised 
or lowered by a screw *. A cross bar 1 may be extended above the table, jointed to tlie hctKJa of 
these colmnna, the bM tiaving a holder ■ fitted on it for acraping or planing tools, adjustable liy a 
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■crew, u in A lUde rest. E, K bm tubes within whioh ilfdlng bUiiu k ate fitted canylng alao 
■crapiDg oTpUniiig toola, tlis stemi being oatwed to slido outwards or Inwudi bj mMU of Eorews. 
The tnbM K with their itcma i and tools nMj be double, aa ia Fig. 231 S, the one atem being fitted 
Qtidei end to one side of the other, as shown in oblique section Fig. 2319, or single stems k mftj 



be made with a bead to reoelve two sets of sciaping or planiog Umla as in Fig. 2316. a like, eon- 
straction applying to the stems in the holder i, wnich is here constraoted as atube withonintcmall; 
liiding stem, in s similsj' manner to tbe tubes E. 



wbiob are MOiued bj wedge keys m, m, drawn np b; nats. The fooes of tbe keys n nest the 
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oatten / are made with an edge which, when the keys are drawn tight up, cnta dtghtly into th« 
metal of the cutter, preyenting it from shifting. 

The stone-dressing machine devised by J. D. Brunton and F. Trier, of London, which is both 
novel and effective, utilizes the action of circular rotating cutters, operat^ig by Tilling to chip off 
from the stone tho inequalities of its surface. 

Fig. 2320 represents iu section, the chuck, or cutter carrier of this machine ; and exhibits the 



2316. 




2318. 




2319. 



3320. 



2317. 

way in which the cutters are given a determinate rotation on tlieir own axes, at the same time that 
they are carried round in a circle by the revolution of the carrier ; the outer edges thus describing 
a circular path, which may be called the track. 

The chuck is a cast-iron circular box, bolted to the flange of the shaft P, on which it revolves. 
Into it are fitted the cutter spindles A ; in number three, six, nine, or twelve, according to the siie 
of the chuck. The cutters are fixed on their spindles by split nuts : a part of each of these nuts is 
a cone, which enters into the conical hole in the centre of 
the cutter. When screwed up the nut contracts, and grips 
the thread of the spindle, so that nut, cutter, and spindle 
become as one piece. On each spindle is keyed a bevel pinion ; 
and all the pinions contained in a chuck gear into, and are 
driven bv, the central be?el wheel b : this is keyed on the 
central shaft A, which passes through the centre of F, and 
receives its motion by means of a pulley. 

The rates of cutter-rotation and of chuck-rotation are so 
adjusted relatively one to the other, that the cutter edge 
shall exactly roll in the track. For instance, in the case of 
a ohuck having a track of 2 ft. diameter and cutters of 8 in. 
diameter, for every revolution of the chuck the cutters will 
make three revolutions. 

Theoretically, with an exact roll of the cutter edge on the 
stone, there will be no attrition ; and this is probably not far 
from being realized in practice. But coincident with the 
roll of the cutter, there is a forward movement of the stone, 
distributed over the edge of the cutter as it rolls ; and to this 
it La probably due that there is any appreciable wear of the 
cutters at all. 

The ordinary speed of a chuck is 300 to 350 revolutions a minute ; the cutters themselves 
making 900 to 1050 revolutions in the same time. 

The tread of a cutter, that is the length on its periphery that is in contact with the stone at any 
given moment, may be put at 4 in. The duration of contact of any given tread will therefore be 
found, by dividing one minute Dy the circumference of a 2-ft. track, multiplied by 800 revolutions, 
and divided by j ; or by 60,290. Thus in round figures the duration of contact is a thousandth 
part of a second ; during which the advance of the stone will be leas than the j^jg part of an inch. 
The result of this small amount of attrition, and of its being distributed so rapidly and evenly over 
the whole circumference of the cutter is, that there is no perceptible heating, notwithstanding that 
the circumferential velocity of the cutters is about 2000 ft. a minute. Pulleys of different diametm 
are provided for the central shaft, to vary the speed of the cutters, as required by their diminished 
diameter consequent npon wear. The inclination of the cutters to the plane of the stone is usually 
45°, but is varied to suit the character and progress of the work. 

The cutters are sometimes placed in steps, or so as to out in different planes; and several 
important advantages accrue from this arrangement. 

It has been found that for all kinds of sandstones, grit stones, and free stones, as well as fca- the 
magnesian limestones and oolites, chilled cast-iron cutters answer perfectly. They are ohUled on 
the outer conical face, so that, as they wear, and are ground on the lower edge or base of the cone, the 
cutting edge is always formed against the chilled surface. In a six-outter chuck, dressing from 
40 to 50 sq. ft of Newcastle grit an hour, the cutters will last seven or eight hours without changing. 
A cutter is ground in a few minutes, by means of an ordinary grindstone and a simple mechjAieal 
appliance, and Lb then ready for use again. A cutter will usuafly last for 20 such grinding* befora 
it IS worn out 




TRAMWAYS. 1129 

For hud limettoneB, ateel cntlen ue Deoenary oa toeaaxit of the reautanoa presented b; the«e 
(tone* : bat Iha waar ia inngnifioant. A let of oatteta will laat aeTeral daya withont ohan^ng. 
For grranite steel ontteia are also reqalred. Iq tbe lathe a cotter will ran for about 10 lionri 
wlthuiit abarpening, ilreaiiog once over 250 aq. It of granite. Id dreaaing plain snr&raa the wear, 
in the oaae of gnnite, is greater than in turning : bat atill nwderate, the tool cost being lesa tbtta 
that attendnot upon hand laboar. In dreuiog (he aofter kinds of (tone, suob aa Newcastle grit 
Bramle; Fall, Dumfries, Bed Uao>- 

Seld, and tbe like, the travel of tba nai. 

table is ^ of an inch for escb revola- 
tion of a finishing catter. With a 
nliuck of six cQtten working in three 
steps, there are two flnishing cutters ; 
therefbre the table traTeU ^ of an inch 
for each revolution of the ohuck, or 
36 in. a minute, if tbe chuck makes 
S24 reToIalioDS. 

If a stone 2 ft. 6 in. wide, and 4 ft. 
6 in. long were to be dressed, a breadth 
of about 9 in. each side would first be 
taken, and then a middle cut of 12 in. 
wonld finish it Each cut would take, 
including the time oocnpied in raising 
or lowering the chuck, about 3 minntas, 
inutea for the wliole atone, 

ft., this U 

Sohrsm's etoae-cuiter is a machine 
which is used to cut slabs, paring- 
stones, kerb, pilasteia, and similar 
{deoes out of the rough bluok, a great 
saving of material being thereby 
effected. 

The machine, Fig. 2S21, consists of 
two standacda erected on side walls, i 
betneen vhich are laid rails for a trant- 
road. The standards are joined to- 
gether at their upper extremity by two ' 
gvders, one of which is furnialied with i 
teeth and forma n rack : a round bar 
reaches From side to side about 2 ft. 
below the girders. Tbe girders and bar 
act as guiiha for the engine, which ia a 
modification of Bchram's tock drill ; it 
travels verti(»lly between tbe standards 
along the guides, and is moved beok- 
warda and forwards, as may be required. ' 
by a toothed wheel gearing into tlia 

At the end of tbe piston rod of the engine is fixed a movable cutting tool, the shape of which 
variee according to the work to be done. 

The engine is worked by compreasad air or steam, the branch between the main pipe and tbe 
engine oonsiatiDg of a length of flexible tubing to allow it to travel the necessary distance between 
the standards. 

The block of stone to be out is placed on a trolly and wheeled between the walls, until a point 
in the length of the desired cut is under the cutting edge. It is then fixed firmly in position with 
the line of groove to be made, parallel with the guides of the engine. 

The engine is started, and moved Ih>m end to end over the blook of stone. As the cutting tool 
obips out the groove deeper and deeper, tbe engine is fed down towards the stone by means of a 

In Older to wash away the stone dust, and keep tbe slot dear, a constant stream of water, 

igalated by a small cock and nozzle fixed to the engf ' 

The matt that baa been done by this maohine is ; 

In hard granite, slab 10764 aq. fL, cut in 3 hours, 
la sandstone „ 753 „ n 1 hour. 

In limestone „ 5-882 „ „ 1 „ 

. „ , 1 important rendt of this maobine is that 

, e condition as if ronghly gronnd, conaeqnentlj much 

time and labour is saved in the subsequent dressing. A S iiorse-power boiler ia enfflcieut to supply 
sMnm for the engine. 
TRAMWAYS. 

In lailways the road is required to have a certain amonat of spring or elasticity, to lessen the 
great wear and tear caused by heavy weights runnbg at high speeds. The rails and the sleepers 
being bore, it i* easy to pack them up when necessary. 
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It ia widely difforcnt in tha case of tramirayH. The weights are oompantlTety light, the speed 
Ii verj moderate, and it is impoBsible to pftdc np the rails wjtbont iaoarnDg ver; aerioui eiiMiue 
and iQconveDieiioe to the ordicaiy traffic of the rood. It a tbetefore evident that tramvaja ■bonld 
be ronstruoted in BQch a manner at to avoid the neceBBit; of oonstant supervision and repair. 

In order that this oondition majr be fulfilled, it is neceasary that the stability of the foundation 
of the tramway should be exactly similar and equal to that of the pavement of the street. Granite 

S lavement is practically nnyielding when laid on a good foundation. It therefore follows that tbo 
Quodation of the tramroil should be continuouB and equally unyielding, and at the same time of 
anch tenaeity as to allow extremel; heavy ioade lo pass over it without liability to baclure. If any 
want of uniformity should exiet betweeo the Btability of the ruit and the adjacent pavoneu^ 
naeqnal vibtetioD would be the result, which would tetl most seriously upon both the rail and the 
pavement. The rails should be supported npon imperishable material, otherwise periodical 
temovals would be necesaary, 

No mechanical faateninga ahonld be JDtniduoed, or if they are indispensable, they should be as 
few in number as possible, and of the aimpleet and moat effective kind. The rail should be main- 
taiced exactly level with the pavement of the street adjacent to it ; if this is the caae, no damage 
or aocident can oconr ta the ordinary tmfflc. 

It is necesaary that the pavement adjacent to the raila should be capable of eaay repair. This 
la oocasioned by the fact that Ibis portiun of the road is subjected to undue wear and tear, by the 
wheels of ordinary vehioles in their endeavours to keep tbe rails, and might to aome extent bo 
obviated by the alteration of the 

£nge from 4 ft. SJ in. lo 4 ft., aud *^* 

9D it would be impossible to alter 
the gauge of the wheela of ordinary 
vehicles to fit Uie rails, which has 
actoallj been done in manv places. 
The groove must be as small as poe- 
aible, and the rail narrow. 

Borne of the methods that hare 
been devised tor the coustmction of 
tramwaya will be reviewed, and for 
these, as well as the foregoing details, 
we are indebted to a paper written by 
J. H. Lynda. 

Ttsmwaya may be divided into 
clawea, namely, those in which the 
rail ia supported upon chaira placed 
at intervala, and those in which the 
rail la supported upon a oontinuous 
lonRitadinat bearing. 

When supported at intervala, the ..,,., 

rail must be of auch a section aa wiU enmre snffldent atrengtb to carry the posamg load between 
tha points of support _„ . ,,, . . ,„,, 

Fig. 2322 givm the section of rail nsnally rdled Cor Uiis purpose. The weight is about 10 lb. 

The chaiia, one yard apart, are of oast iron. In the arrangement Fig. 2322 the tramraUw 
pinned down through the groove, into a hole in the upper part of the chair that has been plng^ 
with ash. In Fig. 2323 the rail is ^^^ 

held in its place by side fssteniugs, 
which are nuted crosswise into a hole 
in the chair, into whioh an ash plug 
has been previously fitted. 

In laying a tramway by this 
method, it is necessary to exoavalo 
along the centre line of eaoh rail, at 
Intervals of one yard from centre to 
centre.a seriesof boles 16 in.or ISin. 
square, and 18 in. deep from tbe 
surface of tho road. These holes are 
then filled with concrete to the level 
vt the bottom of the chair, which is 
placed upon it. Concrete is filled in 
round the chair to receive the paving, 
and also under the iutermediate por- 
tion of tha rail. Tlio rail is placed 
in position and spiked down, aud the 
paving made good up to it It is 
U"t,n%r ■SutoTi'^CS., „ th. »t. ..... to b. pl.k.d .nd ..I .o £1 U,. .p.«. 

upoi, mEr.1,; wWl. t£.l bet»Mil Ih. ^tata i«U «I»" U"" "W fc™"'™ •' "• •'™>'- '"" 

It may apww tb.t the rail ia anpportrf brtir«m tha ch.iia by a narrow "'?.™,"f. '^"T",^^ 
but ISu lit Ihi ™» i aad U 11 ,OT pc«ibl. lo««««tha™ipl«teaad«.lidb«ddiaB«fth« 
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nil, vhkh aannot be acoompliihed, the Tibntlon would in k few weeki oompletelj ditint^rale the 
ouDcrete and rsnder it warthleai. 

The tanming uutjr be taken aa an example of the beat form of tramwa; of ita claeg, and it has 
been adopted with ilight Tariationi at Leeds, BhefSeld, and Biiitol. 

In comparing this ayitem with the oonditions laid down, it will be seen : the stabilityoFthe rail 
Tariea from that of the pavement of the atreot, and that vibration mnat oranr between the nil and 
tlie adjacent pavBrnent. Cast iron ia Terr durable, and will lact a long time, bat the pina and the 
bsteninga being of wrought iron, nnder tne conditioDB in nhicb the; are placed, their durability is 
limited. Tlio fixing of llie rail being dbpendent upon piua and fasteniags, tbey are liable to become 
loose, acil it ia practically impowible to maintain the paTemont level with the rail by this method. 
At Leeds and olber places many comphunts have been made of the danger and inconvenience to the 
ordiasrv trafflo arising from this canse. It is also very costly and inounvenient to repair the pave- 
ment adjacent to the rail, as it must be removed, and either the same or new setts be relaid, with 
all the tioable and expense of picking and cutting stones to fit the spaces. The system of laying 
tramways which has been most generally adopted belong to the class m wliicb the rail ia supported 
upon a coDtinuouB longitudinal t>earing. Lynde mentions a tramway on Ibis principle in which 
each rail consisted of a Qat bar, about 5) in. wide and ^ in. tbiok, sotewed down to a longitudinal ' 
timber sleeper. In the centre between tbe two outer rails was a small bridge rail turueJ upside 
down, forming a groove. This was also fastened to a longitudlnul timber. A small guide wtieel 
was attached to the front of tlie ordinary omnibus, and this was capabln of being raised or depressed 
at pleasure by tbe driver, so tbat the omnibus could pass on to or off the rails as oocasiun required, 
liiis was in use fur soma years, aud has Its merits. 

Fig. 2324 is a modification of tbis system. Itoonsistaof two rails, each formed of a X u**'* with 
two grooves rolled in the Bat side, which is plaoed uppennoat, and the tongue of UieT iron is let into 
a groove in the timber; it ia then 

fastened down by means of screws. "^ ■ 

The object of the two grooves is to | 
pievent theslippingof horses passing 
over the rails. In place of tbe old I 
central grooved rail a straight joint 
is made in the setts from end tu end | 
of the tramway, midway between tbe 
two nils. It U intended that tbe I 
driver siiall by siglit keep the omnl- J 
bns on the track, simply hy means cf | 
the guide offered by the stiaight joint 
In the paving. In snowy or dirty 

we»ther, and after dusk, this would be almost impossible, although it is stated that tbo liorses soon 
become nsed to the track, and finding tbe Iractinn so mnoli redoeed endeavour to keep the rails 
without much assistanoe from the driver. Tbe great disadvantages of this system are the straight 
joint in the paving, which is always the cause of depresuon ; and that, in tbe event of Bt«ain or ouer 

motive power being Introdnced, the tramways would not be suitable for the traffic. 
The early American line^ and 

thoae flrst laid in London and Biik- 

eubcful, Kg. 2325, were on con- 
tinuous bee^Ws. The longitudinal 

aleepera rested upon transverse 

■leepen plaoed about 4 ft. apart, and 

were secured to them by means of 

Binall cast-iron angle brackets and 

twospikea. TheraUwasnotgrooveit, 

but rebated, and it was intended that 

ordinary vehicle* should paas over 

it without inconvenience. This was 

found impracticable. 

The improvements since made 

have consisted principally in intro- 

dncing a concrete fiwidation, and in 

alteriog the section of the rail. A 

narrow rail with a small groove is Ibe 

best form for the cars, and this section presents the least obstruction to the ordinary traffic, siip- 

pDsiiig the pavement to be kept level with tbe rail. 

At Liverpool, Fig. 2326, longitudinal timber sleepers were laid on a bod of concrete. The upper 

oomen of tbo longitudinal sleeper were rebated out to receive the rail, which wiis spiked down 

through boles in ue groove. Wrougbt-iron tie-bora I were bolted to the longitudinal bearen at 

interrals. 'I'his system has proved insufficient for the ordinary traffic of tbe town. 

The Sonthport tramway, Fig. 2327, is another example of longitudinal sltepors, bnt they are 

laid upon cross slecpera 4 ft. apart, and held in position by means of wrougbt-iron doga. This 

tramway is of leoent construction, and tbe ordinary ttufBc of the rmd in wbich it is laid is very 

light 

In London, Fig. 2328. longitudiual timber Bloepera were laid in cast-iron chairv, about 4 ft. 

apart, opon a conlinnoua bed of concrete. Bmall flsb-plates were introduced at the junctions of the 

rails. Traotrerse tie-rods, 2} in. by I in., held the chaira in position. Tbe rail was enikpd down 

through the groove. It is found that the rails soon work loose bj this system. . Asphaile lias been 

used Im paving between the nils of tbe South London tramways, but with indifferent success, the 



aspholte giTiDg wa; at ita JuDation with the niL The cause of IhU is the nneqnal Tibntiua that 
takes pliwe between the rail and asphalts, which are npoo diObrent foDDdationt. 

Other LondoQ tramwajB vera laid in the same vajr as at Liverpool, with the addition of oaat- 
iroD ohairs to join tlie longitudinal aleepen. 



The Edinbdigh tramways, Fig. 2329, were laid upon the l<ingitndioaI timber sleeper principle, 
bnt the method of faat^ning down the rail waa b; mtans of j-io. bolts poosed through the grooreof 
tlie tail and screwed into nuts fostened to the Duder side of the timber. Wraaght-iron tiantTeTBe 
ties, 2 in. bj f in., 4 (L apart, were introdnoed. The timber was oreoaoted, and the bolt bole* were 



filled with boiling tar before tlie bolts were driven. The rails weighed 52 lb. a lineal yard. Fiih- 
plat«B, 15 in. by 3 in. by | in., punched for four bolta, were placed at the jnnetion of the rails, and 
the ends of tbe longitudinal timW sleepers ware mp^rted in cast-iron cbiitm. A bed of oonerete, 
6 in, thiok, was laid underneath the sleepers and paving. Experience has proved that this qrstmn 
is not satisfactory. The gradients in 
Edinburgh are very severe, in some in- 
stances being as steep as 1 in 13. 

In Glasgow, Fig. 2330, a similar 
mode of constmotiou was adopted. 
The roadway was excavated IS* in. 
deep for ttie full width of the tram- 
way. Transverse sleepers, 8 ft. long 
by 6 in. b; 4 in., were laid 3 ft. 8 in. 
apart. Upon these were placed cast- 
iron chairs to receive the loDgitudinal 
timber sleepers, 6 in. deep by 1 in. 
wide. The rails, weighing BO lb. a 
lineal yard, wero fastened to tbe timber 
by means of wrought-iron dogs about 
12 in. apart A fish-plate was placed 
at the junction of the rails. The spaces 
between Uie traasverae sleepers were 
filled with concrete. O" **"- - *-"* "' 
s laid. 

„. Onthis . . ._, „ , 

with boiling pitch. This was oonsidered the beat example of tbe longitudinal sleeper systom. 
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On oompulng; theae tramiMTi, it will be found that the stability of tbe mil vuiea from that of 
the paving of the atieat, and therefore nn^iial vibnition takea place at the jaootiou ; that timber it 
not a datable material, eapeeially in damp aituationSi-aad in aoma oountriea cannut pOMdbl; be used 
oD eoooont of the lavHgea of inaeota. 

The rail ia in all ea>M held down by pina, bolta, doga, or Dther &atenissa, whieh are liable to 
became hxwe; and it ia fbund impoetible to maintain the paving level with the raila by theaa 
methoda. It is very ooatly and Inoonvenient to repair tbe pavement adjacent to the rail. 

An attempt has been made to enperaede timber aleepen by the nae of eMt iron. Fig. 2331. For 
tbie porpoee a bed of oonerete ia reooinmeDded, the whole width of the tramway, and apon thia a 
aeriee of eaat-iroii bearen, eeiih 30 ia. in length, are laid. They are of I seotion, and are made aa 
light ae pceaible, weighing only from 35 lb. to 40 lb. a lineal yard. They overlap at tbe joints, and 
are fastened logethet by meaDB of wronght-iron pint and cotters. Tbe endi of the bearers are 
provided with lusa, cast on, and liaving iaelined snrfaeea to receive the taper Slleta rolled on etioh 
side of the miL It is so arranged that at eaoh joint in the east-iron bearer, the key which fastens 
tliem together also aeonres the rail. The weight of tbe laU is 26 lb. a lineal void. Ties are not 
abaoliiCely neceseaiy, but If naed may be placed 6 fL apart It is stated that eleven milet of tram- 
way oo this systcrm have bemi laid in Madras with good retnlta. It is not pnib«ble that such a 
lignt easting as that propoced would bear the itrain of the heavy loads that are constantly passing 
in larser cities. 

The rail is hi^ldin position by means of ctut-iroa lngB,and these would very probably be broken 
by the cross trafflo. 

It ia not poBsihIe to pave directly up to the side of Ihe mil. on account of the [iTojeoting foot. 
There mniit therefore bo a spaoe on each side of the rail aboat i in. wide. At the points where the 
clips occnt, the setts cannot be laid nearer than abuut 1} in to Ihe rail Tbeae are disadvantage*, 
•« tbe pavine is a great support to the rail when imtnediately abutting it. The cast-iron bearer 
whieh is left hollow atler the paving of the street id oompleted, would become a ceeapool for water 
aod street refuse, and injuriously aoect the foundation of the pavement. Practically It would be 
dilBoult, if not impossible, to bed the cast-Iron btsarei evenly upon the concrete. liie rail could 
not bo removed without first taking np the snironnding pavement. It wonid be costly and ineou- 
venient to repair the pavement adjacent (o the rails. 



Another system of oontinuons beating has been recently deviaed, and has proved that it 
poaaeaees great advantage*. In laying down thia tramway, Fig. 2332, the foondotiun of the street 
or road is not interfered with in any wav, only thoee granite setts being removed which would be 
lolerseeled by the gtnoved iron rail and an eitra width of about 3 in. on either side of it. These 
■etts are oarefidlr token np, without disturbing the surtonnding pavement, thns leaving a ahallow 
trench with indented sides. This space is tnen filled in with concrete to within 2} in. of tbe 
surface of the rend. In twenty-four hours this is sufficiently set to receive the liauid aspbalte in 
which the roil is imbedded, the surface of the asphalle being grooved to imitate the joints of the 
paving, to render Ihe foothold secure- 
It is found that aspholte will adhere with gnat tenacity to iron and other substances, and this 
pnpeity, in conjunction with the duveloiled section of the mil, readers the tramway imntovable. 
The use of timber is altogether dispensed with, and as the rail is firmly imbedded in asphalts npon 
a oonerete foundation, it is prMervad from injury, Bespecting tbe durability of Val de Travera 
asphalte, it bos been proved (o exceed that of the hordeet granite ; at the same time, being in some 
degree elastic, it deadens vibratioo and permita the fn« expansion and contraction of tbe tail 
under various tempeiBtures. In addition to these advantages, in coses where [t becomes neceesery 
to remove a rail, the operation can be effected with ease, and the old asphalte taken up can be 
melteil and used over agiiin. Should it be required to raise the surface of the asphalte, no difilculty 
would be expeiienood m tho operation, and the extra thieltneM added would become part of the 

By this plan no special provision is neceasair for laying the tramway round curves, but the aune 
method Is porsued as in straight lines, and the rail is equally secure; whereas, in cases where 
limgitudinaT timber sleepers are used, it is necessary to cnt them into short lengths or bend them, 
either of which ia detrimental to tlie stability of the rail. 

By this system the rails may be laid in any direction, either diagonally or In eurves, across any 
existing pavement, without liaving to cnt the paving stones obliquely to fit against the sides of tlie 
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rails, as is the case in every other system. The laying is rapid, since little obstruction to traffic is 
occasioned, as such a small portion of the street is interfered with. The weight of the rail used 
is 26 lb. a lineal yard. 

The rails of a tramway should always be constructed of steel, the slight extra first cost being 
more than compensated for by the greater durability. It is customary to notch or corrugate the 
narrow edge of the upper surface of the rail, to give foothold to the horses; but this very soon 
wears off, and is therefore useless. 

The points and crossings of tramways are very important parts of the work, and are of various 
descriptions. 

The oldest style of switch is the movable one, which is set by the conductor, the oar being 
stopped for the purpose. Another form still used is the fixed point, where the horses are made to 
pull the car in the direction it is intended to go. Both g^rooves for the flange of the wheel are the 
same depth. This is a most objectionable arrangement, as the car is seriously strained by the 
operation. 

The most approved method of constructing points at a turn-out or passing-place is that of a 
fixture, but only one of the grooves is taken to the fuU depth at the junction of the two. Thus, 
when a car meets the point, the flange of the wheel invariably takes the deep groove, which is so 
arranged that the car always passes off to the lefL 

When it is necessary tb&t a car should be able to take either route, the movable point should be 
adopted as being safer and causing less wear and toar to the cars. 

The crossing, that is, the place where the rail of the turn-out crosses that of the main line, is 
the source of very considerable expense and inconvenience in renewal. The grooves are both taken 
to the full depth, and where they cross great wear and tear has to be boma A hollow is the result 
at this point, which not onlv occasions concussion that sometimes snaps the axles of the car, 
but also causes it to leave the rails. The simplest remedy for this defect would be to let the 
groove die out to the surface before arriving at tne point of crossing. The wheel would travel in 
Sie right direction, as the car would be guided by the other rail. In time the flange of the wheel 
would wear a groove, and after this the crossing would wear as long as one constructed on the 
ordinary principle. 

Points and crossings are usually made of oast iron, but wrought iron has been used for both. 
Some crossings are formed of the ordinary rails, scarfed together. 

An important itom in the economy of tramways is that of keeping the track clean. The force 
necessary to move a car on clean rails is very much less than that required when the grooves are 
filled with dirt. 

The operation has beeiv attompted to be effected by machinery attached to the car, and also to 
separate trollies, but hitherto without marked success, as the apparatus has proved itself a source 
of damage to the rails, and practically useless. The principle of these machines has been that of a 
rigidly fixed scraper, which was strong enough to demolish all obstructions that came in its path, 
and therefore it cut off all loose projecting pins or bolts in the bottom of the groove, and in time 
the rails became <)uite loose. An apparatus has just been introduced which seems likely to answer the 
purpose. It consists of a revolving steel wire brush, similar to a rotary hairbrush, which cleans the 
grooves witiiout injuring the fastenings, and deposits the dirt in a line some distance from the rail. 

WELL SINKfNG AND BORING. 

The operation of sinking a well is identical with that necessary in putting down a shaft for 
mineral, but as both the diameter and distance are usually small, the work is of a much lighter 
character. 

Previous to sinking it will be necessary to have in readiness a stock of buckets, shovels, picks, 
rope, a pulley-block or a windlass, and barrows or other means of conveying the material extracted 
away from the mouth of the sinking. After all the preliminary arrangemente have been made, the 
sinlang is commenced by marking off a circle upon the ground 12 or 18 in. greater in circumference 
than the intended internal diameter of the well. The centre of the well as commenced (torn must 
be the centre of every part of the sinking ; its position must be carefully preserved and everything 
that is done must be true to this centre, the plumbline being frequently used to test the vertical 
position of the sides. 

To sink a well by underpinning, an excavation is first made to such a depth as the strata will 
allow without falling in. At the bottom of the excavation is laid a curb, that is, a fiat ring, whose 
internal diameter is equal to the intended clear diameter of the well, and its breadth equal to the 
thickness of the brickwork. It is made of oak or elm planks 3 or 4 inches thick, either in one layer 
fished at the jointe with iron, or in two layers breaking joint, and spiked or screwed together. On 
this, to line the first division of the well, a cylinder of brickwork, technically called steining, is 
built in mortar or cement In the centre of the fioor is dug a small pit, at the bottom of whi^ is 
laid a small platform of boards ; then, by cutting notehes in the side of the pit, taking props are 
inserted, their lower ends abutting against a foot-block, and their upper ends against the lowest 
setting, so as to g^ve temporary support to the curb with its load of brickwork. The pit is enlarged 
to the diameter of the shaft above ; on the bottom of the excavation is laid a new curb, on which 
is built a new division of the brickwork, giving permanent support to the upper curb ; the raking 
props and their foot-blocks are removed ; a new pit is dug, and so on as beiere. Care should be 
taken that the earth is firmlv packed behind the steining. A common modification of this method 
consists in excavating to sucn a depth as the strata will admit without falling in. A wooden curb 
is laid at the bottom of the excavation, the brick steining laid upon it and carried to the surface. 
The earth is then excavated fiush with the interior sides of the well, so that the earth underneath 
the curb supports the brickwork above. When the excavation has been carried on as fiir as con- 
venient, recesses are made in the earth under the previous steining, and in these recesses the 
steining is carried up to the previous work. When thus supported the intermediate portions of 
earth between the sections of brickwork carried up are cut away and the steining completed. 
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In nuking with a dnini cnrb, the curb, whidi may be eitlier of wood or iron, conBiata of a fl«t 
ring for mpporting tbe ateining, and of a, Terti<»l hollow cyliitder at drnm of the same outside 
diameter hb the gCeiDinff, supporting the ring nithin it and bevelled to a sharp edge below. The 
ring^ or rib«, of a wooden carb are fbrmed of two thiokneasei of elm plank, lA la. thick by 9 in. 
wide, giving a total tliicbnoas of 3 in. 

Fig. 2333 ia « plan of a wooden drnm onib, and Fig, 233* a MetloD showing the mode of con- 
■tniction. The ontaide eyllnder or dmm la tanned the lagging, and ia oomroonfr made from l}-ia. 
jellon pine planka. The dmm m&; be atrengthened if neoeasajr bj additional ringa, and ita con- 
neotiona with the rings made mora aecnre by bracketa. In large' cnrbi the ringa are placed abont 




8 ft e in. apart. Fig. 233S ia a plan, and Fig. 2336 an enlarged segment of an iron cnrb. When 
the well baa been snnk so br as the earth vm stand vertical, the drum cnrb ia lowered into it and 
the bnilding of tlie brick cylinder commenced, care being token to complete each oonne of brioka 
before laying another, in order that the onrb nay be loaded equally all roand. The earth is dug 
away from the interior of the dmio, and this together with the gradual increedng load canaee the 
sharp lower edge of the dram to sink into the earth : and thna tlie digging of the well at the bottom, 
the sinking of the drum corb and the brick lining which it roiriea, sod (be building of the steining 
at Ihe top, go OD together. Oare must be taken in tbia as in every other method, to regulate 
the digging eo that the well aball sink vertically. Siiould the friction of the earth against the 
ontaideof the well at length become so great aa to stop its dcsient, before Ibe requisite depth ia 
attainad, a imalter well may be sank in the interior of the Srtt well. A well so stt^iped ii aaid to 
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be earth-fast This plan cannot be applied to deep wellB, but ia very snoesBful in sandy soils 
where the well is of nu)derate depth. 

The curbs are often sapportea by iron rods, fitted with screws and nuts, from cross timbers orer 
the mouth of the well, ana as the excavation is carried on below, brickwork is piled on above, and 
the weight of the steining will carry it down as the excavation proceeds, until the friction of the 
sides oveipowers the g^vitating force or weight of the steining, when it becomes eartbbound ; then 
a set-off must be made in the well, and the same operation repeated as often as the steining becomes 
earthboxmd, or the work must be completed by the first method of underpinning. When the ro<dc 
to be sunk through is unstratifled, or if stratified, when of great thickness, recourse must be had to 
the action of explosive agents. Their use has been already treated at length at pp.132, 605, of this 
Supplement. 

The system of blasting employed in well sinking is that known as the small-shot system, which 
consists in boring holes from 1 to 3 in. diameter in the rook to be disrupted to receive the charge. 
The position of these holes is a matter of the highest importance from the point of view of pro- 
ducing the greatest effects with the available means, and to determine them properly requires a 
complete knowledge of the nature of the forces developed by an explosive agent. This knowledge 
is rarely possessed by sinkers. Indeed, such is the ignorance of this subject displaved by quany- 
men generally, that when the proportioning and pliusing the charges are left to their judgment, 
a lar^ expenditure of labour and material will produce very inadequate results. In all cases it is 
far more economical to entrust these duties to one who thoroughly understands the subject. 

When all is ready, the sinkers, with the exception of one man whose duty it is to fire the 
charge, are either drawn out of the shaft, or are removed to some place of safety. This man then, 
having ascertained by calling and receiving a reply that all are under shelter, applies a light in 
the fuse, shouts " Bend away," or some equivalent expression, and is rapidly ^wn up the shaft 
To avoid shattering the walls of a shaft, no shot should be placed nearer the side than 12 in. The 
portion of stone next the wall sides of the shaft left after olasting is removed by steel-tipped iron 
wedges 7 or 8 in. in length. These wedges are applied by making a small hole with the point of 
the pick and driving them in with a mall. The sides may l>e then dressed as reouired with the pick. 

After some 80 or 40 feet have been sunk the air at the bottom of the well may be very foul, 
especially in a well where blasting operations are being carried on, or where there is any great 
escape of noxious gases through fissures. Means must then be provided for applying at the 
surface a small exhaust fan to which is attached lengths of tubing extending down the weU. 
Another good plan is to pass a 4 or 6 inch pipe down the well, bring it up with a long bend at 
surface, and insert a steam jet ; a brick chimney is frequently built over the upper end of the pipe 
to increase the draught, ana the lower end continued aown with flexible tubing. With either fan 
or steam jet foul air being continuously withdrawn, fresh air will rush down in its place. This ia 
far better than dashing lime-water down the well, using a long wooden pipe with a revolving cap- 
head, or pouring down a vertical pipe water which escaped at right angles, the old expedients for 
freshening the air in a well. 

A means of increasing the yield of wells, which is frequently very successful, is to drive small 
tunnels or headings from the bottom of the well into the surrounding water-bearing stratum. 

As an example, let Fig. 2337 represent a sectional plan of a portion of the water-bearing stratum 
at the bottom of the shaft This stratum is underlaid by an impervious stratum, and, consequently 

2337. 
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the water will flow continuously through the former in the direction of the dip, ss shown by the 
arrow and the dotted lines. That portion of the stratum to the rise of the shaft 8, which is included 
within vertical lines tangent to the circle at the points m and n, will be drained bv the shaft The 
breadth of this portion will, however, be extended beyond these lines by the relief to the lateral 
pressure afforded by the shaft, which relief will cause the flUets of water to diverge from their 
original course towards the shaft, as shown in the figmre. Hence the breadth of drainai^e ground 
will be a 6, and it is evident that the shaft 8 can receive only that water which descends towards 
it through this space. But if tunnels be driven from the shaft along the strike of the stratum, as 
at m c, n d^ these tunnels will obviously intercept the water which flows past the shaft. By this 
means the drainage ground is extended fhnn a 6 to a' 6', and the yield of the well proportionately 
increased. 

It shoald be remarked that when the strata is horizontal or depressed in the fonn of a basin 
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that U, when it partakai more oF the character a! a rewrvoir thau a stream, the oaij dm of tnnnelt 
i* to facilitate tlie ingren of water into the Bhaft, and in enob case thej abonld radiate from the 
ghaft in all direotioiu. They are also of service in caae of accident to the pomps, as the time they 
lake to All up allowi of eiamination anrl rspnira being marie in tliat time tn the pumpi, which 
could Ddt be iiupected if the enginea ttopped pumping and the water rose rapidly up the abaft. 

The liie of tbe beading* is nanaliy limited bv the loaat dimennoiis of the apnce in which 
mlnen oau work efflcieotlj, that is. about H ft bigh and 3 ft. wide. The horae-ahoe form is 
generBlly adopted for the tidee and top, the Boor being level, for the drawing off of the w ' 
the pumpa il quite mfiflcient to OHise a flow, anleaa of conrae the dip of tbe s* ' ' ' 
timneli are driven ia sncb as to warrant ao inclination. Wliere there ia any «~ 
to drim tbem with a &11, for tbe men would be drowned out. 

The foregi^ing remarki do not apply to headinga driven in the ahalk. i 

Eroctice to *el«it the largeat feeder laauing from a fiaaure and follow that 
eftding ia merely lo aerre as a reservoir, wheu tbe direction ia immaterial 
Tbe aides of welU usually reqnire lining or ateining, aa it is termed, with aome material tliat 
willpreTent the loose strata of the rides of tbe eiaavation falling into tbe well and choking it. 

Briok ateining la eieeoted either in brick* laid drv oc in cement, in ordinary cluy 'Mo. work 
being aaed for largo wells, and half-brick, or 4} in. work, for amall wells. 

nga. 2339 and 2338 abow the method of laying for din. work, and Fig. 2340 fur 4} in. The 
hricka are lud flat, breaking joint : and, to keep out moderate land-ape ingB,olDy-paddle or concrete 
ia often introdnoed at the ba^ of ateining. For most purposes concrete is the beat, as, in addition 
to its imperviooa oharaoter. it adda greatly to the strength of tbe ateiuiag. A ring or two of brick- 
work in ofment is often introdnced at inlarrala, varying from S ft. to 12 ft. apart, to strengthen the 
■haft and facilitate the oonstruetion of tlie well. 

Too muob care canuot be bestowed upon the ateining ; if properly executed it will effectufllly 




eiclnde alt objeoUonable infiltration, but, badly made, it may prove a source of trouble and annoy- 
ance. Half tlie wells coademned on account of sewage contaminatioo really fiul beoaose of bad 
ateining. 

The materials that have been enooessfnlly used in this work are brick, atone, timber, and iron. 
Each description of material ia suitable under certain conditions, while in others it ia objectionable. 
Briokwork. which is oniversally used in ateining wells in Engbnd, not UDfreqnently falls in eartaln 
poaitiona, through admitting impure water when such 

water is under great pleasure, or from tbe work be- mg, 

ooming disjointed from settlement due lo the drainage 
of a running sand-bed, or the coJlspse of the well. 
Btone affair quality, capable of withstandingcomprcs- 
rive atraiiiB, la good in its way ; but, inaamuch aa it 
requires a great deal of labour to fit il for its place, 
il cannot snoceasfulty compete with brickwork in the 
formation of wella, mora eipeoially as it has no merits 
superior to those of brick when used in such work : 
however, if in any locality, by reason of its cbeapneas, | 
it can be used, care should be taken to select only sucb 
as upon (eat absorb the least quantity of moisture ; i 
indeed, in all cases it is a point ot great importance in 
dying the nature of the materials used in tbe con- 

atructioQ of wella, to seleot thoee which are likely to be most durable, and at the same time preaerre 
the purity of the water oontaiced in the well. 

Timber ia objectionable as a material to be used in tbe lining of wells, on aocount of lis 
liability to decay, when it not only endangers tbe construction of the well, but also to some extent 
fouls the water. It is very largely used under some circumatenees, eapeciallv in tbe prellininary 
operations in rinking. II ia alao suocessfully used in lining the permanent shafta of the nJt wells 
of Cheehire, and will continue entire in such a position for a great number of years, as the brine 
seon* lo have a tendency to preserve the timber and prevent its decay. Iron ia of modem applica- 
tion, and is a material extensively employed in steining wells ; and, as it possesaea many advan- 
tages over materiala ordinarily used, its use is likely to be much extended. It ia capable of bearing 
great eompresaive strains, and of effectually excluding the influx of all such waltra as it may he 
desirable to keep out, and is not liable to decay uuder ordinary ciroumstancea. Numerous 
instances are on record where recourse has been had to tbe use of iron cylinders, when it 
was found that four or five rings of brickwork, act in the best cement failed to keep out brackish 
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waters ; and, if the original design had provided for the introduction of these cylinders, it woold 
have reduced the cost of the well very materially. 

The well sinker has often, in execnting his work, to contend with the presence of large volumes 
of water, which, under ordinary droumstanoes, must be got rid of by pumpiog ; but by the intro- 
duction of iron cylinders, which can be sunk under water, the consequent expense of pumping 
is saved. 

When sinking these cylinders through water-bearing strata various tools are used to remove 
the soil from beneath them. The principal is the mizer, which consists of an iron cylinder with 
an opening on the side and a cutting lip, and which is attaciied to a set of boring rods and turned 
from above. 

The valve in the old form of mizer is subject to various accidents which interfere with the 
action of the tool ; for instance, pieces of hard soil or rock often lodge between the valve and its 
seat, allowing the contents to run out whilst it is being raised through water. To remedy this 
defect, Thomas Docwra, designed the improved mizer, shown of the usual dimensions in 
Figs. 2341 to 2346; Fig. 2341 being a plan at top, Fig. 2342 an elevation. Fig. 2343 a plan at 
bottom. Fig. 2345 a section, Fig. 2344 a plan of the stop a, and Fig. 2346 a plan of the valve. It 
consists of an iron cylinder, conical-shaped at bottom, furnished with holes for the escape of water, 
and attached to a central shank by means of stays. The shank extends some 7 in. beyond the 
bottom, and ends in a point, while the upper part of the shank has an open slot, to form a box- 
joint, Fig. 2342, with the rods. The conical bottom of the mizer has a triangular-shaped opening ; 
on the oatside of this is fitted a strong iron cutter, and on the inside a properly shaped valve, seen 
in section and plan in Figs. 2845 and 2346. When the mizer is attached to and turned by means 
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of the boring rods, the d^ris, sand, or other soil to be removed, being turned up by the Up of the 
cutter, enters the cvlinder, the valve whilst the mizer is filling, restmg against a ^op. ioler the 
mizer is charged, wnich can be ascertained by placing a mark upon the last rod at surfisMse and 
noting its progress downwards, the rods are reveosed and turned once or twice in a backward 
direction ; this forces the valve over the opening, and retains the soil safely in the tool. 

Fig. 2350 is a pot mizer, occasionally used in such soils as clay mixed with pebbles. Th«e is 
no valve, as the soil is forced upward by the worm on the outside, and falls over the edge into the 
oone. 

Mizers are fastened to the rods by means of the box-joint, Figs. 2347 to 2349, as a sorew-joint 
would come apart on reversinju^. 

As many as five or six different-sized mizers, ranging from 1 ft. 6 in. to 9 ft in diameter, can be 
used successively, the smallest commencing the excavation, and the larger ones enlarging it until 
it is of the requisite size. 

As an accessory, a picker, shown by the three views. Figs. 2351 to 2353, Fig. 2352 indigating 
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its eorrect position when in operation, is employed where the strata ia too irregular or compact to be 
effeotaally cleared away by the cntter of the mizer. The picker is fixed upon the same rods above 
the mizer, and is used simultaneously, being raised and lowered with that tool. 

The cutting end of the picker is frequently replaced by a soratcher, Figs. 2354, 2355. This 
useful tool rakes or scratches up the debris thrown by the mizer beyond its own working range, 
and causes it to accumulate in the centre of the sinking, where it is again subjected to the action 
of the mizer. 

Certain oonmion methods of boring have been already referred to in this Dictionary. Tlie 
Chinese method has been generally disused, iron or wood rods substituted in the place of the rope. 
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and a variety of augers and chisels instead of the simple chisel, with appliances for clearing the 
bore-hole of d^ris. Figs. 2356 to 2373 show examples of an ordinary set of well-boring tooht. 
Fig. 2358 is a flat chisel ; Fig. 2359 a Ychisel ; and Fig. 2860 a T-chisel. These chisels are made 
from wmught-iron, and when small are usual] v 18 in. long, 2} in. extreme breadth, and weigh some 
4| lb., the cutting edge being faced with the best steel. They are used for hard rocks, and whilst 
in operation need carefully watching that they mav be removed and fresh tools substituted when 
their sides are sufficiently worn to diminish their breadth. If this 
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circumstance is not attended to the size of the hole decreases, so that 
when a new chisel of the proper size is iatroduced it will not pass 
down to the bottom of the hole, and much unnecessary delay is occa- 
sioned in enlarging it. In working with the chisel, the borer keeps 
the tiller, or handles, in both hands, one hand being placed upon each 
handle, and moves slowly round the bore, in order to prevent the 
chisel from falling twice successively in the same place, and thus 
preserve the hole ciroular. Every time a fresh chisel is lowered 
to the bottom it should be worked round in the hole, to test whether 
it is its proper size and shape ; if this ia not the case the chisel must 
be raised at once and worked gradually and carefully until the hole 
is as it should be. The description of strata being cut by the chisel 
can be ascertained with consiaerable accuracy by a skilful workman 
from the chancter of the shocks transmitted to the rods. 

When working in sandstone there is no adherence of the rock to the chisel when drawn to the 
surface, but with clays the contrary is the case. Should the stratum be very hard, the chisel may 
be worn and blunt before cuttiug three-quarters of an inch, it must therefore be raised to the sur- 
face and frequently examined ; however, 7 or 8 inches may be bored without examination, should 
the nature of the stratum allow of such progress being made. 

Ground-augers, Figs. 2356, 2357, 2362, are similar in action to those used for boring wood, but 
differ in shape and construction. The common earth-auger, Fig. 2356, is 3 ft in length, having 
the lower two-thirds (^lindrioaL The bottom is partially closed by the lips, and there is an opening 
a little up one side for the admission of soft or bruised material. Augers are only used for 
penetrating soft rock, clay, and sand, and their shape is varied to suit the nature of the strata 
traversed, being open and cylindrical for clays having a certain degree of cohesion : conical, and 
sometimes closed, in ouicksands. Augers are sometimes made as long as 10 ft., and are then very 
effective if the strata is soft enough to permit of their use. 

- The shell is made from 3 ft to 3^ ft. in length, of nearly the same shape as the common auger, 
sometimes closed to the bottom, Fig. 2362, or with an auger nose. Fig. 2357 ; in either ease there is 
a clack or valve placed inside ibr the purpose of retaining borings of a soft nature or preventing 
them from being washed out in a wet hole. 

Figs. 2363, 2365 are wad-hooks for withdrawing stones, and Fig. 2364 a worm-auger. 
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Tha dDwVfoot, Fie. 2S6I, is uaed when the boring rodi twye bitten in the bore-bole, tea the 
inrpc«e of eztiMting tB»t poiiion remalDinB; io tbe hcle ; it ia the mow length, uid nt the foot tha 
uue braaidth, as the obisela. When the rods have brolcen, the part abore the fractnre iadnwnont 




length, and at the foot tha 

, re thefractnre ia drawn out 

lace of the brokeD pieoe. When thia ia lowered 



toe la o»naed to grip the broken p 



a 



d±] 



anfBoient force to allow the portion below the &scbiTe to be drawn ont of 
the bore-hole. A rongh expedient ia to &8ten a metal ring to a rope and 
lower it over the broken rod, when the rod oauta the ring, and thna givea 
it a conaidenible grip ; thia ia often very anoceaafiil. Fig. 2S63 is a wottd 
lued for the anme purpose. A beli-boi. Fig. 2366, ia ^nentlj employed 
for drawing broken roda; it baa two palla flied at tbe top of the box, 
which riae and permit the end of the rod to paaa when tha box ia lowered, 
bot upon riaing the palls Ml and grip the rod firmly. A 
apinil angular worm, Bimilar to Fig. 2363, ia alao applied for ~**- 
withdrawing tubes. " 



intelligent superviBion and 
norma and wsdhooka, or tha 



W theae withdrawing tools the orow ia the safeat and best. 

t may be uaed withoot that ir'"' '^ -* 

ebaolntely nooeaaary with the w 

8, 6, 10. 15, or 20 feet lengtba, of wrongbt- 

m'ade of different degree* of atrength, aooording lo 

required : they are generally I in. a 



ibe 'depdi of Uie hole for which they 

aection ; at one end ia a tt"' -■ ■* * 

ocnnecting them together. — - , , , ., ,,.■ . 

have a bIyeUed ahoulder. One of the aidea of the female aorew frequently .plita and 
allowa the male screw to be drawn out, thus leaving the roda in the hole. By oonatant 
wear alao, the screw may have ita thread ao worn as to become liable to aUp. Common 
roda, being moat liable to accident, ahonld be carefully eiamined even hme they are 
drawn out of the bore-hole, aa an unobaerved failure may ocoaaiim much moonvenieDO^ 
and even the loaa of the bore-hole. , . . _i * - ■ . « « ■ 

In addition to the ordinary rods there are abort piocea, ■mr^ag from 6 in, to 2 ft. m 
length, which are fixed at the top aa required, for adjna ting the rods at a conveniMt height. 

Fie 2369 is a hand-dog; Figa. 2370 and 2371 a lifting dw; FJa.2372 the tiUka w oanaiM 
bT which the workmen import a rotary motion to the tools. The tillera are damped to the U^ 
tiiaat boring rod. at a convenient height for worWng. Fig. 2867 a top-rod with ahacUe ; Fig. 237S 
a aorinir hwtk When in use thia shonld be frequently examined and kept in repair. 

XinLiB tiibe* are emptoyod to prevent the bore-lwle falling in thiongh the Utetal awellinc 
of olaj sbsta, or when pamng through nmning aand. The tobea are nanally of iron, of good 



WELL SINEINO AND BOBINO. 



lUl 



quality, aoft, eaaily bent, and oapable of snstaining an indent withont fiaoture. Inferior tubes 
oocafion grave and ooetly aocidentB, which aie frequently itreparable, as a single bad tube may 
endanger the snooess ai an entire boring. 

Wrooght-iron tubes with screwed flush joints, Fig. 2874, are to be recommended, but they are 
supplied braced, or riveted. Fig. 2375, and can be fltted with steel driving collars and shoea 
Oast-iron tubes are constantly applied ; they should have turned ends, with wrought-iron colluv 
and countersunk screws. 

Gold-drawn wronghtriron tubes have been used, and are very eifective as well as easily applied, 
but their relatively high cost occasions their application to be limited. 
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Fig. 2376 shows a stud-block, which is used for suspending tubing, either for putting it down or 
for drawing it up. It consists of a block made to fit inside the end of the tube, and attached to the 
rods in the usual way. In the side of the block is fixed an iron stud for slippinc^ into a slot, 
similar to a bayonet joint, cut in the end of the tube, so that it may be thus suspended. Figs. 2377 
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to 2379 show various forms of spring darts, and Fig. 2380 a pipe-dog, for the same purpose. 
Sometimes a conical plug, with a screw cut around the outside for tightening itself in the upper 
end of the tube, is used for raisine and lowering tubing. Figs. 2381, 2382 are of tube damps, and 
Fig. 2383 ton^ for screwing up the tubes. 

Fig. 2384 IS a pipe-dolly, used for driving the lining tubes ; the figure shows it in position ready 
for driving. 

When a projection in the bore-hole obstructs the downward course of the lining tubes, the hole 
oan be enlarged below the pipes by means of a rimer. Fig. 2385. It consists of an iron shank, to 
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which is bolted two thin stripe bowed out into the form of a drawing pen. The rimer is screwed on 
to tiie boring rods, and forced down through the pipes ; when below the last length of pipe, the rimer 
expands, and can then be turned round, which has the effect of scraping the sides and enlarging 
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that portion of the hole subject to its operation. Fig. 2386 ia of an improTod form of rimer, 
termed a riming spring. It will be seen tliat this inslrament is macb stronger than the ordinary 
rimer, in consequence of the shank being extended through its entire length, thus rendering the 
scraping action of the bows veiy effective, wbUst the slot at the foot of the bows permits <rf its 
introduction into and withdrawal from, the tubing. 
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In England, for small works, the entire boring apparatus is frequently arranged as in Fig. 2387, 
the tool being fixed at the end of the wrought-iron rods instead of at the end of a rope, as in the 
Chinese method. Referring to Fig. 2387, A is the boring tool ; B the rod to which Uie tool is 
attached ; D D the levers by which the men E E give a circular or rotating motion to the tool ; 
F, chain for attaching the boring apparatus to the pole G, which is fixed at H, and by its means the 
man at I transmits a vertical motion to the boring tool. 

The sheer-legs, made of sound Norway spars not less than 8 in. diameter at the bottom, are 
placed over the bore-hole for the purpose of supporting the tackle K K for drawing the rods out uf 
or lowering them into the hole, when it is advisable to clean out the hole or renew the chisel. It 
is obvious that the more frequently it is necessary to break the joints in drawing and lowering the 
rods, the more time will be occupied in changing the chisels, or in each cleaning of the hole ; and as 
the depth of the hole increases, the more tedious will be the operation. It therefore becomes of much 
importance that the rods should be drawn and lowered as quickly as possible, and to attain this end 
as long lengths as practicable should be drawn at each lifL The lengtn of the lift or off-take, as it ia 
termed, depending altogether upon the height of the lifting tackle above the top of the bore*hole, 
the length of the sheer-legs for a hole of any considerable depth should not be less than 30 to 40 ft, 
and they usually stand over a small pit or surface-well, which may be sunk, where the clay or 
gravel is dry, to a depth of 20 or 30 ft. From the bottom of this pit, the bore-hole may be com* 
menced, and here will be stationed the man who has charge of the bore-hole while working the rods. 

The arrangement. Fig. 2388, is intended for either deep or difficult boring. A regular scaffold- 
ing is erected, upon which a platform is built The boring chisel A is, as in the last instance, 
coupled by means of screw couplings to the boring rods B. At each stroke, two men stationed at 
K £ turn the ro<l Hlightly by mtans of the tiller D D. A rope F, which is attached to the boring 
tool, is passed a few times round the drum of a windlass G, the end of the rope being held by a man 
at I. When the handles are turned by the men at L L, the man at I puOs at the rope, and the 
friction between the ropo and the drum of the windlass is then sufficient to raise the rods and 
boring tool ; but as soon as the tool has been raised to its intended height, the man at I slackens 
bis hold upon the rope ; and as there is insufficient friction on the drum to sustain the weight of the 
boring tools, they fall. By a repetition of this operation the well is bored, and after it has been 
oontinued a sufficient length of time, the tiller is unscrewed, and a lifting dog, attached to the rope 
from the windlass, is pas^ over the top of the rods, and then a short top-iod with a shackle i^ 
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Mreired on. The two men at the windlaaa draw np the rod* ai Tar as the heiglit of the naffoldlog 
or iheer-leKS will allov, when a man al E, Fig, 2388, by paa>ing a haad-dng or a. kej upon the top 
of the rod under the lowest joint drawn above the top of the tuile, takes the weight of the rods M 
tliU joint, the men at L haTJag- lowered the roda Tor IliU purpnae; with another Icey the rod* are 
nnaorewed at thii iuiDi, the rope is lowered again, the lining dog put over the rod, another top^od 
■crewed on, the rodi lifted, ana t)ie pnxwn continurd until the chuel it drawn rtom the holu and 
replaced by another, oi, if nixeamaj, repUoed by some other tool. 



When a deep biting is audertakan, direct from the luifacit, the operation hud beat be oonducted 
with the aid of a boring sheer fianie. This oonaistB of a framevork of timber balks, upon which 
M« erected four atandnrds 27 ». in height and <) in. x 1 Ft. tliiuk, 3 fL 8 in. apart at bottom. 
and 1 ft. 2 in. at top. The standards are tied b; mean* of crors piecea, npoa which abanlderi are 
eut which flt into moriiae holes, and are bateaed by menus of wooden keys, the Btandards being 
sormouDted by two head piaoea S ft long, mortised and fltt«d. Upun the head pieces two 
independent cast-iron guide pulleys are arranged in bearings r over tliese pulleya are led the ends 
of two ropes coiliog in oppoaite directions upon the barrel of a windlass moved by spur geaiitig, 
and haviuga ratcliet utop attached to a pair of diagonal timbers, connected with the left-hand legs 
or standards of the siieera, near the ground. These ropes are used fi^ raising or lowering tlie 
lengths of the Loring rod. 

Eight feet beluw the boariuga of the top pulleys, a pnir of horizontal traverses is fixed acroaa tbo 
frame, BUpporliugBiuntlerpnlleya moonttd on u cast-iron frame, which is capable of motion between 
horiiontjl wooden slides. Over tliese pulleya is led a rope from a plain windlass fixed to the right- 
hand legs of the frame, to be used for raising or lowering the shell to extract the debris or rubbish 
from (be hole. 

Thu levi-r, IS ft. long, and 9 in. x 6 in. In spotion, is supported by an independent limber frame. 
It has a aist-jroii cup. fusteued by means of two iron straps, oast with lugs through which bolls are 
pssaed. ti.ese being lightened with nuts iu tlie ordinary manner. The bearing-pins at a are 1} in. 
ID diameter, and also form part of [he lower strap. Upon the dap is an iron hook ; to this a chain 
is attached csrryiog tlie spring hook which bears Ihe top sliackle of the rods. The top of the bore- 
hole is BUtTounded by a wooden tube 1 ft. in diameter, and closed by a hinged valve, whose 
action is similar to that of a olaok-valve: this has a hole in the ceulre for the rods to pass up and 
down ^ely. The valve permits of Ibe introduction and withdrawal of the tools, and at the same 
time pieventa anything from above filing into the bore-hole. 

The lever is applitu by pressure upon its outer end, and as the relation of the long to the short 
' ' ' a deprt«sion of 2 ft. in the one case prodncea an elevation of 6 in. in tUe other, the 
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With the shei-r-franie, thn boring tools are worked [u the Same mauner as 1 
arrangements, Figs. 2387, 2886 ; but its portability, com pact ntss, and atlaptalioi 
required end render its use desirable wherever it is possible to obtain it. 

Wlieu in the progress of the work it is found that the auger does not go down (o the depth from 
which it was witndmwn after trial, tubing will generally be tiecesaory, Tlioholtr should beenlsrged 
from the surface, or, if not very deep, commeuced afresh from the surface with a larger auger, and 
run down to nearly the same depth; the first len^h ol tube is then driven into the hole, and 
when this is effected another tube, having similar dimensions to the first, is screwed into its upper 
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Bnd, and the driving repeated, aad so on aotil a Buffloienl nambtt of pipes hare been naed ta naeh 
to the botEom of the hole. If the ordinu; anger is now introduoed throagh the« tnbea, it villhaif 
Tree acoeaa to the clajr or sand, and after a few feet deepn hare been bored Knottaer pipe mai 
be aorewed oo, and the whole driven further down. In this waj from 10 to 20 ft. of molt aUmtaa 
tdb; be bored throngb. If the tbicknew of tbe eurilKe olay or aaod ii ooniiderable, tbe metbod b«c 
mentioned will not be effsclive, ai the friotian of the pipee CAOied bjr the prepare of tbe stnt* wiJl 
be BO neat that perhapa not more than 60 or 100 feet can be driven withont the pipe* being injmd. 
It will than be neeeoiar; to put down the flnt part of tbe bore-bole with b luge anger, mnd drive 
in pipea of large diameter ; the bole ia continned of smaller diameter, and lioid with amaller Mart 
projecting bejvnd the large tubes, h in Fig,23S9, until the neoeaaity for their uao cf sea It will 



be evident that to enanre eucceai the tubing, whatever it is made of, tboald be m tmly ejliortncal 
ai poatible, itraiglit. sod flush anrface, bolh ontBide snd in. It will alto ba evident tliri in tlma 
joinTngpieocs of tubing together, the thioknew ought to have a due proportion to the work reqniwd. 
and the force likely to be u»e-l in screwing or driviiiR thfm down. 

Wiought-iron tubes, when driven, must be woiked Cftrefnily, by means of a nngmade of wroni^t 
iron from U to 2 in. in heiebt and | in. tbiok, and of Ihe form shown in Fig. 2S90 : or drivra 
with a plpe-doUy such a* Uiat in Fig. 238*. The ring, or the dolly, ia screwed into tb« 
lowermost boring rod, and worked >t the tame rate and in a atmilar manner to the chisel, dna 
regard being had to the depth at whioh tlie driving is being done, a* the woight of the boring rods 
will materially afltect the sirength of tbe blow delivered. Oast-iron tnbing may be driven bard 
with a monkey. To withdraw broken ordofeclive tnbing qnickly. two hooks attached to r>m 
are lowered down from opposite aidee of the bore-bole, caught on the rim of the tow wMuat tnba^ 
and power applied to haal the tabing up bodily. 
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neoMMuy to vid«o ont hole* below the iharp edge of tobiiiK, ao Be to 
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and Bltoitioii. 



Id lome «asM ic ii neoMMuy to video ont bole* below the iharp edge of tobuiK, ao Be to 
permit its deeoont Ttiii la efllMted bj ■ rimer. Fig. 2385, and is »□ opentloa leqniriDg great 



apoQ which it WM founded were ; Bnt, that the motion gtveo to the tool in rotatioD wa« aimplj 
derived firom the reaiatanoe that a rope woald oppOK to an sfTort of tor«ion ; and tlierefore that ths 
limita of applEoation of the nitem were only inoh ■• woald provide that the tool ahonld be aafelf 
acted upon ; and, aeoondlj, that the injectioo of a oorrent of water, descending through a oenCral 
tnbe, HhoQld waah oat the debris created bj the catting toot at the bottom. The difficultiea attend- 
ing the removal of the de'bni were great ; and though (he syBtom of Kauvelle anjwered toleiably 
veil when applied to shallow borings, it was found to be attended with inch disadvantages when 
applied on a large scale, that it has beeu generallv abaodoned. The quantity of water required 
to keep the boriag tool oleai is a great objection to the introdootioa of this system, eapeciallj as in 
the majority of oniei artetian welb are sunk in such plaoes as are deprived of the advantage of a 
large aapply. 
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In the ordinary lyBtem of well boring, innumerable breakages and delays occur when a boring 
is required to be carried to any depth ezoeeding 200 or 300 ft, owing to the bnokling of the rods, 
the crystallization of the iron by the constant jarring at each blow, and particularly the increased 
weight of the rods as the hole gets deeper. It follows from this that where the excavation is very 
deep, theie is considerable difficulty in transmitting the blow of the tool, in consequence of the 
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▼ibration produced in the long rod, or in consequence of the torsion ; and, for the same reason, 
there is a danger of the blows not being equally delivered at the bottom. It has been attempted to 
obviate this difficulty, but without much success, by the use of hollow rods, presentiug greater 
sectional area than was absolutely necessary for the particular case, in order to increase their 
lateral resistance to the blows tending to produce vibration. * 

Mather and PLitt's system has been already referred to at p. 526 of this Dictionary, and is 
shown in detail, Figs. 2896 to 2419. 

Figs. 2396 to 2402 are the mode of giving the percussive action to the boring tool, and the con- 
struction of the tool or boring-head, and of the shell-pump for clearing out the hole after the action 
of the boring-head. Instead of these implements being attached to rods, they are suspended by 
a flat hemp rope, about | in. thick and 44 in. broad. 

The flat rope A A, Fig. 2399, from which the boring-head B is suspended, is wound upon a large 
drum driven by a steam-engine D with a reversing motion, so that one man can regelate the 
operation with the greatest ease. All the working purts are fitted into a wood or iron framing EE, 
rendering the whole a compact and complete machine. On leaving the drum C the rope passes under 
a guide pulley F, and then over a large pulley G carried in a fork at the top of the piston-rod of a 
vertical single-acting steam cvlinder. 

This cylinder, by which the peroussive action of the boring-head is produced, is shown to a 
liirger scale in the vertical sections. Figs. 2399, 2400 ; and in the larger size of machine hero shown, 
the cylinder is fiited with a piston of 15 in. diameter, having a heavy cast-iron rod 7 in. square, 
which is made with a fork at the top carrying the flanged pulley O of about 8 ft. diameter, and of 
sufficient breadth for the flat rope A to pass over it. The boring-head having been lowered by the 
winding drum to the bottom of the bore-hole, the rope is fixed securo at that lengUi by the clamp J ; 
steam is then admitted underneath the piston in the cylinder H by the steam valve K, and the 
boring-tool is lifted by the ascent of the piston-rod and pulley G ; and on arriving at the top of the 
stroke the exhaust valve L is opened for the steam to escape, allowing the piston-rod and carrying 
pulley to fall freely with the boring-tool, which falls with its full weight to the bottom of the bore- 
hole. The exhaust-port is 6 in. above the bottom of the cylinder, while the steam port is situated 
at the bottom ; and there is thus always an elastic cushion of steam retained in the cylinder of that 
thickness for the piston to fall upon, preventing the piston from striking the bottom of the cvlinder. 
The steam and exhaust valves are worked with a self-acting motion by the tappets M M, which aro 
actuated by Uie movement of the piston-rod ; and a rapid succession of blows is thus given by the 
boring tool on the bottom of the bore-hole. As it is necessary that motion should be given to the 
piston before the valves can be acted upon, a small jet of steam N is allowed to be constemtly blow- 
ing into the bottom of the cylinder ; this causes the piston to move slowly at first, so as to take up 
the slack of the rope and allow it to receive the weight of the boring-bead gradually and without a 
jerk. An arm attached to the piston-rod then comes in contact with a tappet which opens the steam 
valve K, and the piston rises quickly to the top of the stroke ; another tappet worked by the same 
arm then shuts off the steam, and the exhaust valve L is opened by a corresponding arrangement 
on the opposite side of the piston-rod, as in Fig. 2400. By shifting these tappets the length 
of stroke of the pLitou can be varied from 1 to 8 ft. in the large machine, according to the material 
to be bored through : and the height of fall of the boring head at the bottom of the bore-hole is 
double the length of stroke of the piston. The fall of the boring-head and piston can also be regu- 
lated by a weighted valve on the exhaubt pipe, checking the escape of the stoam, so as to oause the 
descent to take place slowly or quickly, as may be desired. 



WELL SINKING AND BOEING. 1147 

The borinr-hcad B, Ffff. 2390, ia ihcnni to a larger mle in Figs. 2401 to 2403, Bud ooariatt of a 

wroDght-iron bar aboat 4 m. diameter and S ft. long, to the bottom of which a cast-iron of lindrioal 

blookCiateoiiTed. ThUblockbaaDomeroai aqnareholeathrongb it, into which tliechiielaorcatten 

D D are inserted with eccewed taper ahanka, »■ in Fig. 2402, go a« to be very flrm when working, bat 

to be readil; taken oat (br tepairmg and Bharpening. Two different arrangemenU of the onttarB 

are ihown in lbs elevatiun, Fig, 2401, and the 

*^**' dIbh. Fie- 2403. A little above the blockC another 

!iri:r.j»..i ....t:^^ v. i, A.«4 n-ni, iha !<■<■ R which 
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of the top Foliar U is farmed with BJinilur ratchet-teeth, set riactly in line with those oti tlie 
lower oollar. Between tbeee oollara and sliding fimlj on tlie neck of the boring bar B ia a 
dupp bath J, which is also formed with oorreeponding ratchel-tepth on both its upper and lower 
fiicee ; but the teeth on the npper face are set hnlf a tooth in ndvanoe of those on the lower face, 



BO tliat the perpr-ndioular side of ewh tooth on the npper face of tlie buab ia ditccllT above 
centre of the inclined side of a tooth oti the Itiwer face. To this bush is attarhed ttip wrought 
iron bo* K, by which the whole bnriog bar is Bunpeoded with a hook and ahaokle O, Fir. 2399, Con 



d of the fiat rope A. The rotary motion of the bur is obtained as follows : wbeo the liorinR 

tool foils and sttikea the blow, the lifting-bubh J, which duriug the lifting Iibb been engaged with 
the mtchet-teeth of the top collar H, falls upon thoee of the bottom collar Q, and thereby receiyes 
a twist backwanls through the apnce of half a tooth ; and on commencioD; to lilt agRin, the bush 
rising ap gainst the ratchet-teeth of the top collar U, receives a further tniat backwards 
through half a tooth. The flat rope ia thaa twisted barkwarda to the extent of one tooth of the 
ratchet ; and during the lifting of the tool it antwiata itself again, thereby rotating the boring tool 
forwards tliiough that extent of twist between each succeaiive blow of the tool. The amount of 
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the rotatioa ms^ be vftried b; making ths ratohet-teoth of oousei' or finer pitch. The motioii is 
entirelj aelf-sctmE, and the rot&ry moTsment of the boring tool is enrared with mechaoical 
BMunoj. ThtB iimple and moBt effeotiTe actJon taking place at ereiy blow of the tool prodacM 
a oanttMit chuige in ttie potitioa of the onttara, thus increasing their affect in breaking the rock. 

The Bhell-pnmp, for raising the material broken np by the boring-heAd, i« shown in Figi. 2404, 
2405, and coQ^tBOfa cylindrical shell or buret Pof cnst iron, ahont B feet long and a little smallBr 
in diameter than the aize of the bore-bole. At the bottom is a olaok A opening upward^ somewhat 
similar to that in ordinary pnmps ; bat its seating, instead of being fastened to (he cylinder P, is in 



an annular bame C, wbioh is held np against the bottom of the cylinder by a rod D passing np to 
a wronght-iron bridge G at tlie lop, where it is secured by a cotter P. Inside the cylinder wma a 
backet B, similar to that of a oommon lift-pnmp, having an indiambbcr disc valve on the top side; 
and the rod D of the bottom clack passes freely thioDgh the bucket The rod O oF the bockat 
itself is formed like a long link in a obain, and by Ibis link the pump is suspended iVom the shackle 
O, Eig. 2399 at the end of the Oat rope, the bridge E, Fig. 2404, preventing the bucket &om being 
drawn out of tlio cylinder. The bottom clack A is made with an jndiambber diso, which opens 
Bnfflciently to allow the water and smaller particles of stone to enter the cylinder ; and in order to 
enable the piecea of broken rock to be brought np as large as poeoible, the entire elsok is &ee to 
rise bodily about 6 inches fiom the ananlar frame G, na shown in Fig, 2404, thereby affording 
ample tpaoe for large pieces of rock to enter the cylinder, when drawn in by the up stroke of the 
bnolcet. 

The general working of the baring machine is as follows : The winding drum C, Fig. 2396, is 
10 feet diameter in the Targe machine, and is capable of holding 3000 feet length of rope 4) inches 
broad and i inch thick. When the boring-bead B is hooked on the shackle at the end of the rope 
A, its weight pulls round tlie drum and winding engine, end by means of a break it is lowered 
steadily to the bottom of the bore-hole ; the rope is then avcured at that length by screwing up 
tight the clamp J. The small steam jet N, Pigs. 2399, 2400, ia next turned on, for startbg the 
working of the percussion cylinder H ; and the boring-bead is then kept continuously at work nntil 
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it bu braked np « mSoient qokntitj of material at the bottom of the bore-hole. Tbe olamp J 
wbioh eripa the rope ij nude with B ilide and screw T, Fig. 2399, whcteby more rope can be 
gradaalij giTsn oat u tbe boring-heed penetrate* deeper in the hole. In order to iooreaeo the 
lift of the boring-haul, or to oompensale for the elastic stretching of the rope, which is found to 
amount to 1 inch in each 100 feet length, it is simplj naeeaea cy to raise the top pair of tappeti on 
tbe tappet rodi whilit the peKnunie motion is in operation. Wlian the boring-bead has been kept 



at work long enongb, the iteam i« shnt off (him the peronnloD oylinder, the rope nsclamped, the 
winding eng;ine put in motion, and the boring bead wonnd np to the raifaoe, whwe it it tbeo ilnng 
&om an overbeM tuipension her Q, Fig, 2396, bj means of a book mounted on a roller for ranning 
tbe boring head away to one side, clear of tbe bore-hole. 

The shell-pump is neit lowered down the bore-hole by the rope, and tbe dAnis pumped into it 
bv lowering and raising the bnoket abont three times at tbe bottom of the hole, whioh ia retwiil; 
eBBOled by meant of the reTersing motion of the winding ^igine. The jmrnp it then brought ap to 
the snrface, and emptied by the following very timple snaDgement : It it tlang by a tnTeraEng 
hook from the overhead tu^Mnsion bar Q, Fig. 2896, and is brongbt perpeDdiaalatly over a small 
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table R in the waate tank T ; and the table is raised by the acrew S until it reoeiveB ihe weight of 
the pump. The eotter F, Fig. 2404, which holds up the clack seating G at the bottom of the 
pump, is then knocked out ; and the table being lowered by the screw, the whole clack seating 
descends with it, as shown in Fig. 2405, and the contents of the pump are washed out by the rush 
of water contained in the pump cylinder. The table is then raised again by the screw, replacing 
the clack seating in its proper position, in which it is secured by driving the cotter F into the slot 
at the top ; and the pump is again ready to be lowered down the bore-hole as before. It is some- 
times necessary for the pump to be emptied and lowered three or four times in order to remoye all 
the material that has been broken up by the boring-head at one operation. 

2400. 

Zmye Baring McuMn^^ 




The nmidity with which these operations may be carried on is found in the experience of the 
working of the machine to be as rollows; The boring-head is lowered at the rate of fiOO feet a 
minute. The peronssiye motion gives twenty-four blows a minute ; this rate of working continued 
for about ten minutes in red sandstone and similar strata is sufficient for enabling the cutters to 
penetrate about 6 inches depth, when the boring-head is wound up again at the rate of 300 feet a 
minute. The shell-pump is lowered and raised at the same speeds, but only remains down 
about two minutes ; and the emptying of the pump when drawn up occupies about two or three 
minutes. 

In the eoDstroction of this machine it will be seen that the great desideratum of all earth boring 
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bM been well kept in new ; DUnel; to bore holee of large diameter to grent depths with rapidity 
and Bafet;. The object ia to keep either the boriDg-head or the shell-pamp ooDstantl; at work at 
the bottom of the bore-hole, where the actual wnrk baa to be dnne -, to lose aa little time as possible 
in raiaiog, lowering, and changiog the tooli ; to expedite all tho openLlians at the eurrooe ; and to 
economise manual Ubont to eTer; particular. With this machine, one man standing; od a platform 
at the eide of the percusaion cfliader performs all the operatiooe of raising and loweriog bj the 

Bonttg Btadt 



hand, and Uie break for lowering is workad bjr hia foot Two labouien attend la changing the 
cattos and clearing the pnaip. Dnplioate boring-heads and pompa are alnng to the overhead 
snspeiuian bar Q, Ilg. 2396, TMdy for nse, thna avdding aU dela/ when anj change is reqnitite. 

As is well known b; those who have charge of such operationB, in well botuig innumerable 
BoeideDls and etoppa^ooenr (romoaoees which oannot be prevented, with howerer much vigilance 
and ikiU the operations may be oondoeted. Bard and soft strata intenningled, highly tnolined 
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rocks, mnnlng sands, wid BtmrM wid dulocationa ara fhiltfal Bonroei of annoyBine uid delBT, and 
■ometiiiiM of oomplste fmilore ; and it will therefore be lnte»e*ting to notice > few of the ordinuy 
difBooltie* uUing ont of theae circamitanoea. In all the boi«-hulea ;et eiecnted by thii Bjrtem, 
the Taiioni special initrnnienta used under any ciienmatancea of aocident or oompltcated strata are 
fnllyBhown in Figs, 2408 to 2412. 

Tho boring-head while at work may snddetily bo jammed fast, either by breaking into a flwim, 
or in oonseqaence of bn^en rook falling upon it rmm looae strata abore. All the sbain powible 1* 







then put apou the rope, either by the peronision cylinder or by the wioding engine ; and If the 
rope is an oldotiJor ratten it breaks, leAvin^ perhaps a long length in the bole. Tbedawgimpnel. 
Fig- 2406, ii then attaehed to the rope remaining on the winding dmm, and is lowered mitil it reata 
upon the slack hndien rope in the bore-hole. The grapnel is made with three olaws A A oentrad 
in a cjlindrioal block B, whioh alidea vertically within tho easing C, the tail ends of the olawa 
fitting into inclined slots I) in the eating, Dnrixig the lowering of the grapnel, the claws are kcqpt 
open in ooiiaeqiienoe of the trigger E being lield Dp in the position shown in Fig, 2406, by the long 
link F, whioh anspendi the grapnel from the top rope. Bat ae soon as the grapnel rests npon the 



_ le grapnel from the top rope. Bnt ae aoon as the grapnel rt . 

bn^en rope below, the sospendlng link F eootlnning to descend allows the trigger E to Ml oat 
it; and then in hanling up again, the grapnel is lifted only by the bow Oof the internal bIookB,and 
the entire weight of the external casing bears npon tbe iaclioed tail-ends of the olaws A, aaudng 
them to close in tight npon the broken rope and lay hold of it secnrely. The elawa are made either 
hotted at the extremity or serrated. The grapnel is then hanled up anfflciently to pnll the broken 
n^ Hght, and wronght-iron rods 1 iuoh stinare with hooks attached at the bottom are let down to 
CAtoh tlie bow of the boring-head, which is readily accomplished. Two powerfhl Mrew-jacks are 
applied to the rods at the sarfaoe, by means of the step-ladder shown in Fig. 2409, in which the 
ecoas-pln H is inserted at any pair ot the holes, so as to tnit the height of the screw-jacks. 

If tbe boring-head does not yield qQioklj to theee eflbrts, the attempt to recover it is 
abandoned, and it is got ont of the way by being broken up into pieces. For thi« pnrpoae tbe 
broken rope ^ the bore-bole has flret to be renuved, and it is therefore caught hold (tf with a 
sharp hook and polled tight in the hole, while the cutting grapnel, shown in Fig. 2407, is sUi^wd 
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over it sad lowered bj tbe roda to tlie bottom. ThU tool ia made with a p«ir of shaip cattiag 
jaws or kalraa 1 1 openiag opiArdB, which in lowering jKua down. free); over the rope ; bat when 
tbe roda tre pulled np with oaiuiderable foteo, tlie jawa Dippii»' tbe rope between them cat it 
tliroagh, &nd it is thas remoTsd altogether from the bore hole. The solid wrought-iron braakii^- 
np bar, Pig. 2410, which woigba abmit a ton, is then lowered, and bj means of the peroanioa 




oyUnder it U made to pound away at the boring-bead, until the latter ia either driTeo out of the 
wa; into one aide of the bore-hole, or broken np iato each li«gnieDta aa that, partly by the ahell- 
pump and parti; by the giapneU, tbe whole obatacle ia remOTed. The boring ia then proceeded 
with again, the aame aa before the Bocident. 

The aame miabap may occur with tbe shell-pump getting jammed bat In tbe bore-hole, aa 
illnatrated in Fig. 2116: and tlie wmn means of temoruig the obstaole are than adopted. 
Biperience baa ihown the danger of puttiag any greater atrain npon the rope than tlie paroottion 
cylinder can exert; and it ia Iberefore usnaT to lower the grapoel twla at onoe, if the boring-liead 
or pump gets fast, thus avoiding the risk of breaking the rope. 

The breaking of a cutter in the boring-bead is not an uncommon oocnrrence. ir, however, tbo 
backet grapnpl, or tbe small screw grapnel. Fig. 2108, be employed for its reooTeiT, tbe bole ia 
readily cleared without any important delay. The screw grapnel, Fig. 2108, ia applied by mean* 
of the iron grappling roda, so that by turning tbe rods the screw worka itself round the cntter or 
other aimilar article in the bore-b(de, aud securely holda it while tbe roda are drawn np again to 

i ■ 
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Om bdt&m. The bnckst gnpnel, Fig. 2412, ie bIm emplojed foi laisiiig cIbt, u well u for the 
pnfpaee of brlnglni; np cores out of the bore-bole, wliere llieae are not raised l^ the bonng-besd 
itself in tlie maauer Rlreedj desmbed. Tlie aotion of this grapnel Is nearly similar to that of the 
claw Krapnid, Fig. 2406; the three Java, A A, hinged to the bottom of the oyliodtical caaag 
0, and attached bj aonoeoting rods to the interiiat block B, gliding within the oaaiiiR O, 
•re kept open during tbe lowering of the tool, Ihe trigger E being held np in the position, 
Pig. 2112, by the long sugpending link F. On reacbinj; tlie bottom, the trigger u liberated by the 
farther desoent of the link F. wliich, in hauling up again, lifts only the bow G of the iotenial block 
B; so that tbe jaws A are mode to closo iawai^s upon tbe core, wbiob ia thus grasped firmly 
between them und brought np within tbe grapnel. Where there is clay or similar material at tbe 
bottom of the boro-hole, the weight of the heavy block li in Ihe grapnel censes Ibe sharp edges of 
the pointed jawa to penetrate to some depth into the material, a quantity of which is thus encased 
within them and brought up. 

Anotlier grapnel is also used where a bore-hole passes throngh a bed of very stiff clay, as in 
Figs, 2414, 2115, and consists of a long oast-inm cyUoder H Sited with a sheet-iron monthpiece 
K at the bottom, in which are hinged three oonical steel jawa J J opening upwarda. The weight 




of the tool fonws it down into the clay with the jaws open ; and then on raising it the jaws, 
taTittg a tendency to faU, cut into the clay and eni'lose a quantity of it inside the monthpieoe, 
which on being brought up to the surface is detached from tbe cylinder H and cleaned ont. A 
second mouthpiece is put on and scut down fr>r working in the bore-bole while the first it being 
emptied, the attachment of the mouthpiece to tbe cylinder being made by a common beyonet-joilit 
Ii, so as to admit of readily oonnectiog and discODQecllng it 

A running sand in soft clay is, however, the most Herions diffloulty met with in well borinR. 
Voder anoh ciroumstanDes tho bore-hole has to be tabed from lop to bottom, whioh greatly 
increases the expense of the undertaking, not only by tbe cost of the tnbes, bnt also by the tima 
and labour expended in inserting them. When a permanent water snppty is the main object of the 
boring, the additional expense of tubing tbe bore-hnle is not of much conieqnence, as the tubed 
bole is more datable, and the snrfaoe water is thereby excluded ; but in exploring tbr mineial it ia 
a serious matter, as the final resnlt of thn borc-hote is then by no means certain. The mode of 
inierting tubes baa beoome a qnestiou of great importance in aonneotlon with this eyatem of boring, 
and mnoh tjme and thought haTing been ipenl in perfecting tbe method now adopted, its Taloe hfta 
beeninoTed by the repeated sucoeaa with which it boa been oanied ont. 

The tubes nsed by Mather and Tlatt nre of cast iron, varying in thickness from f to 1 ia. 
according to their dlamet«r, and are all 9 R, in length. The snocessive lengths ' ' 
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together by means of wroaght-iron covering hoops 9 in. long, made of the same outside diameter as 
the tube, so as to be flash with it. These hoops are from | to | in. thick, and the ends of each 
tube are reduced in diameter by taming down for 4| in. from the end, to fit inside the hoops, 
Fig. 2417. A hoop is shrunk fast on one end of each tube, leaving 4^ in. of socket projecting to 
receive the end of the next tube to be connected. Four or six rows of screws with countersunk 
heads, placed at equal distances round the hoop, are screwed through into the tubes to couple the 



2417. 



2418. 



TUbOig for 
BorefwUt 



Stdbban/ 



Tiih^Fiwtu^ Apparatus wij^Sawj/oduf. 




TronM, JElnntuJn. 




two lengths securely together. Thus a 
flush joint is obtained both inside and 
outside the tubes. The lowest tube is 
provided at the bottom with a steel 
shoe, having a sharp edge for pene- 
trating the ground more readily. 

In small borings, from 6 to 12 in. 
diameter, the tub«s are inserted into 
t)ie bore-hole by means of acrew-jaoks, 
by the simple and inexpensive method 
sliown in Figs 2418, 2419. The boring 
maoliine foundation A A, which is of 
timber, is weighted at B B by stones, 
pig iron, or any available material ; and 
two screw-jacks G G, each of about 10 
tons power, are secured with the screws 
downwards, underneath the beams DD 
crossing the shallow well E, which is 
always excavated at the top of the 
bore-hole. A tube F having been lowered into the mouth of the bore-hole by the winding engine, 
a pair of deep clamps G are screwed tightly round it, and the screw-jacks acting upon these 
clamps force the tube down into the ground. The boring is then resumed, and as it proceeds 
the jacks are occasionally worked, so as to force the tube if possible even ahead of the boring tool. 
The clamps are then slackened and shifted up the tubes, to suit the length of the screws of the 
jacks ; two men work the jacks, and couple the lengths of tubes as they are successively added. 
The actual boring is carried on simultaneously within the tubes, and is not in the least impeded by 
their insertion, which simply involves the labour of an additional man or two. * 

A more perfect and powerful tube-forcing apparatus is adopted where tubes of from 18 to 24 in. 
diameter have to be inserted to a great depth. 
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.BACXTS, 1. 

Abell't thrablDg-^nadilne, 96. 
AbotoMnU, Iron, 215. 

MayiMnl't. 316. 

wlog walb and ooanterfotts, 315. 

AdMrd elKtric brake, 180. 
Adam's wheel, 961. 
Adelakold'a bridfle, 363. 
Ader telephone, 584. 
Adit face. 1073. 
Agrlcnltaral dnio pipei, 466. 

Implemeota, 16. 

hooka, 53. 

AtoaUe*i moaldlng-macblne, 193. 
Air-brake, WeaUngbona^ 177. 
Air chambera, 460. 

for oomboatlon heat, 735. 

oompreaaor, Oolladon's, 67. 

, Fowler'a, 64. 

— — , Haihorn'f, 63. 

■■ ouniprcanti, 5X 

__^ ^ Schram'a, 65. 

engine, RIdei'a hot-, 599. 

—— fomaoea, brua-foaodera', 668. 

poeumatic tranamliwton, 935. 

watery Taponr In, 724. 

Aland** fiui, 613. 
Alarm, Baln*a fire-, 568. 
Alarma, electric fire-, 588. 
«— Leblanc'a fire-, 588. 
Albeit Brtdge, 216, 333. 
Alezander'a ooal««otter, 400. 
Alexandra Bridge, 301. 
Allen boiler, 157. 
Allen and Brown*a telaj, 556. 
Alliance machine, 478. 
AUnyioD water in, 759. 
Alteneck-Sieroena lamp, 566. 
Alnmtaw, 189. 
Atumlnona iron ores, 794. 
-^— ore, wd, 794. 
Amalmmatlon, 918. 
Amencan mile unit, 550. 

relay, 554. 

rolUog-atock, 1033. 

timber bridgea, 326, 

Amaler's polar planimeter, 387. 
Analjraia of bar iron, 811. 
— — cement, 347. 

coke, 416. 

Durham coke, 795. 

of Marron bar iron, 810. 

Stalnton limeatone, 794. 

Anderaon'a ateam crane, Eaaton'a and, 830. 
Andri'a lamp, 574. 
Angnlar baiting. Hoyt's, 137. 

I_ Underwood's, 137. 

Animal charcoal machine, Qordon's, 71. 
.—^ — machinery, 68. 
Annealing orena, 336. 
— pota, 338. 
Antimony, 83. 

metallic, 83. 

Apparatus, boring, 1143, 

coal-waahing, 360. 

"^— cumpreaairm, 941. 

IHnglar and Acker'a coal-getting, 403. 

Freanel or dioptric, 843. 

Hopkinaon's optical, 838. 

MaUier and PlaU*a boring, 1146. 

Pintach's oll-gaa. 1058. 

preMore-lntcnailying, 753. 

at the Sooth Foreland, dioptxic, 844. 

Thamm and Bothmnller's heating, 1057 

vacanm, 941. 

Wheatatone'a automatic, 666. 

AppoH'a coke oyens, 419. 



Aicfa braced, 258. 

bridgea, caat4n>n, 330. 

at York,cMt-iron, 334. 

Tiba, atralna, 327. 

Arrheraa*s lamp, 567. 
Arches, 299. 

brick, 219, 224. 

oaaUiron, 227. 

Arch, strains, braced, 258. 

Arches, wronght-iron, 240. 

Area at fracture, contraction of^ 882. 

of aewera, 1064. 

Arrangement of belta, 114. 

Arsenal hammer, Woolwicb, 694. 

Aiih cloaet, 1090. 

Aabton and Storey'a ateam power meter, 780. 

Aakam fomace, 795. 

k eacaping gases. 796. 

, slag fttmi, 796. 

— hcmattte pig iron, 796. 
Aaphalte caalngs, 539. 

Aspinall's antomatlc Tacamn brake, 180. 
Aawdadon onit. British, 550. 
Atklnaon*a bracket. Richarda and, 1102. 

Uthe. Richards and, 850. 

Atmoapbolc hammer, Batterfleld'a, 703. 

ShoU'a, 700. 

Atomic formnlaa, heat, 735. 

Aidnometer, Hoghea, 586. 

Angers, groond. 1139. 

— - worm, 1139. 

Aatomatic apparatna, Wheatstone'a, 556. 

repeater, Vlanisl's. 531. 

seif-soatalnlng crane^ 822. 

—^ Tacnmn brake, 174. 
Arellng and Qrelg's shoe. 959. 
Arellng and R>rter'8 engine, 966. 

farm looomotiTe, 971. 

Aveling's road roller, 969. 
Axle boxes. 985. 1023. 

— box. Windmark'a, 91. 
— — Dixon's railway car, 90. 
Axlea and axle boxes, 86. 
. Partridge's, 89. 

~— Miltimore^ s railway ssr, 90. 

gnards, 986, 1023. 

wheels and, 984, 1022. 

Asimnthal condensing prisms, 841. 
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ACKGASINO. 385, 384. 
Bailey's pyrometer. 955. 
Bain^ fire-alarm, 588. 
Balrd'a ooal-cntter, 390. 
Baker's blower, 616. 
Balance or box dock, 456. 

ploQgba, 27. 

Baldwin's lift, 828. 

Ballast bargra, 474, 

Band links, 126. 

Bargea, ballast, 474. 

Barge canala, 292. 

Bar iron analysis, 811. 

— — — analysia of Matron, 810. 

— ■ Swediah, 874. 

Barker's ooal-cntter. Winstanley and, 388. 

Barlow raila» columns, 921. 

Barlow'a rock drill, 972. 

Bam machinery, 95. 

Barrett If horse gear, 103. 

Barrows and conveyances, 193. 

Ban. tests of FigersU steel, 807. 

— — Marron Iron, 809. 

of web of bowstring girder strains, 256. 

Bssic linings, llio. 

sh«, 1109. 

Battery, Erne's oomponnd-plate, 620. 
Battery, Motor, 521. 



Battery, Poggendorff, 521. 

Deacons, llgbta, booys, and, 830. 

Beam^ ooottnuoua, 891. 

Beam,tnuiaTena Ttbratlons for a bomofneoaa. 

897. 
Bearing q>rtngi, 985. 
Bearings, raila on eontinooiia, 1131. 
Bed, moulding lathe^ 642. 

plates, 638. 

BelleTille boiler. 155. 

Bellington and Derbydibe'a wheel-monkUng 

madiine, 660. 
Bell moulding, 671. 
Bell's coal washer. Green and, 361. 

telephone, 582. 

Belts, arrangement of; 114. 

— and belting. 104-129. 

Belt for oooling shaft Jonmala, 126. 

driving power of. 116. 

dynamometer, 500. 

edge laid. 126. 

fiwtener. Lincoln^ 109. 

holea for quarter-turn. 125. 

hook, Champion, 108. 

hooka or fostcoinga. 108. 

hooks. Wilson's, 109. 

Belting, hooka, 129. 

ootion, 129. 

Hoyt's angular, 127. 

of intestinea, 129. 

P'^P^t 129. 

underwood'a angnlar, 127. 

varietlea, 136. 

machinea, 183. 

Belts. Parker'a, 131. 

prveenratlon and care of^ 107. 

quarter-turn, 123. 

round, 126. 

robber, 128. 

running ot 110. 

~— Shinn'a pulley for, 127. 

single and double, 119. 

steel. 139. 

studs, Blake's, 109. 

wWe, 119. 

Benson boiler, 156. 
Berard'a ooal waaher. 363. 
Beasemer converter, 430. 

operation, steel, 1108. 

steel, composition of, 875. 

strength ot; 871. 

Blckford ftise, 146. 

Bidder's ooal breaker, 404. 

Binder and harveater, Oahorae'a, 43. 

Binding joists, 297. 

Bindini, Wood's reaping and, 40. 

Birkenhead ootTerdam, 308. 

Bischoff gas engine, 599. 

Blackbume'a oU lubricator, 94. 

Bla<± diamonda for atone cutting, 1116. 

Blackfrlan Bridge, 241. 

Black grey iron, 317. 

Blair's process, 818. 

Blske'B belt studs, 109. 

crusher, 915. 

Blake pump, 943. 
Blast fumaoee, 792. 

ftamace, 619. 

— ^ waggon dfopi Wri^tvmX 804. 

Blasting, 129, 382. 

books on, 147. 

— — compact rodca, 142. 

In open enttingp, 141. 

nek, 141. 

stratlfled recki^ 144. 

Ubie on, 146. 

toola, 130. 

in well smklng, 1136. 
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Blooka, caockiog, ft9. 


Brakes, vacuum, 171. 




Block, itad, 1141. 


Westinghouse air-, 177. 




Blower. Baker'a, 618. 


Bramwell's dock, 456. 




«— — ez|ieiimentB, 616. 


floating lift, 455. 




Boots. 616. 


Brass-founders' air-furnaces. 668. 




Boals, canal. 290. 


Brass fonnding, 666. 




Bodifls, taztare ot 886. 


work modelling, 666. 




Bogie GUTlage. FairUe*s, 990. 


BratUdng, 381. 
Bray's wfieel. 958. 




Boffiea. tmcka or, 1012. 

BoUen. 147. « 




Breaker, BUder's coal. 404. 




BoUer. Allen, 157. 


— Hurd and Simpson's coal, 404. 




BeUevUIe, 166. 


Breasts, tuyere, 796. 




Beneen. 156. 


water, 803. 




books on. 170. 


Breguet's machine. 476. 




Gomish, 147. 


magneto^lectric machine. 137. 




Fairbalm, 162. 


telephone, 685. 

Bmnme'a wheel, 961. 




Firmlnkh's, 167. 




Galloway, 149. 


Bricks. 188. 




Hancock's tube-, 153. 


Brick arches, 219. 224. 




HarrlsoD. 166. 


bridges, stone and. 212. 




Head's auspended, 168. 


burning, 192. 




Howard. 157. 


in diimneys, 357. 




James'. 164. 


compression, Portland cement. 342. 




Jordan. 156. 


drying. 192. 




Lancashire. 147. 


earths. 189. 




Miller's. 160. 


kilns, 194. 




Perkins', 154. 


machines, double cylinder. 182. 




at Philadelphia. 169. 


~— machine, Durand and Marais', 182. 




plate, composition of Shropshire, 876. 

plates, welding steel. 874. 

Rooto*. 168. 


-^ LlddeU's double, 182. 




— ^ semi-dry, 185. 




Brick making machines, 181. 




siie of, 162. 


material! 186. 




siae of. 149. 


moulding, 192. 




stationary, 167. 


press, 187. . ^ ^ . 




~— stays, machine for fixing. 862. 
steam. 147. 


presdng machine. Stubbs*. 186. 

— sewer. 1071. 




tests. 166. 


sewers, 1066. 




Bond's earth closet. 1090. 


shaping machine, 187. 




Books upon agricultural implements, 62. 


aia&l87. 

. stetain^ 1137. 




an coal mining. 416. 




belting, 129. 


varieties ot 191. 




blasting, 147. 


Welsh dlnas. 353. 




boilers, 170. 


Brickwork blocks, 343. 




_ bridges, 266. 


cement, 353. 




drainage. 467. 


chimneys, 352. 




electrical engineering. 591. 


Bridge, 196. 




»s,687. 

beat, 737. 


Adelskolds. 263. 




Albert, 218, 222. 




sanitary engineering. 1090. 


Alexandra, 201. 




Bordeaux cylinders, 207. 


Bridges, American timber, 226. 




Bore-holes, quantity of explosive filling, 610. 


Blackfriars, 241. 




Boring apparatus. 1142. 


books, 266. 




Mather and PlaU's, 1146. 


bracing, 232. 




deep. 1143. 


In Buenos Ayres, 216. 




head, 1147. 1162. 


— cast-iron, ardied, 230. 




machine. 1148. 


Chelsea, 221. 




machines, drilling and, 864. 


.Ooblentx.260. 




Hind's, 866. 


duplex. Steam's, 625. 




plant, 982. 


East River, 210 




rods. 1140. 


— — Esk, Tssmanla, 260. 




sheer fiiume, 1143. 


footway. 223. 


. 


tools, 132. 1139. 


foundations, 196. 




well sinking and. 1134. 


Ganges, 244. 




Borlase's concave buddle, 909. 


Glasgow, 201. 




ore^reasing machine, 911. 


Gorai, 205. 




Bomhardt's frictional exploder, 136. 


Orosvenor, 212. 




Bouligulne's electric lamp. 677. 


Iron. 227. 




power's retort. 673. 


Kansas City, 201. 




Bowstring girder fiange strains. 256. 


Kehl, 207. 




— — strains, 254. 


Lambeth, 221. 




— on bars of web of. 256. 


at La Place de L'Europe, a 19. 




Box dock, bslance or. 465. 


Lendal,220. 




Boxes, axle, 986, 1023. 


materials, 196. 233. 




axles and axle, 86. 


Victoria. 241. 




Partridge's axles and axle, 89. 


Medway. 220. 




Talves, 178. 


Kew Rtes. 216. 




Boydell'a engine, 964. 
wlMel, 968. 


NorwMlan BaUwaj, 261. 

plan ot 196. 




Boyd's experiments, 162. 


rails, 407. 




Braced aroh, 258. 


ndlway, 223. 




strains. 268. 


Eavl, 201. 




Bracing bridges. 232. 






Bracket, Richards and Atkinson's, 1102. 


Trent, 237. 




Brake, 170. 


Saint Louts, 263. 




Achard's electric, 180. 


• Severn. 230. 




— Aspinall's automatic racuum, 180. 


steel, 261. 




automatic vacuum. 174. 


stone and brick, 212. 




chain, 171. 


strains^ railway, 249. 




— compressed air, 173. 


Sutl^, 201. 




Brakes, continuous, 172. 


timber, 224. 




cylinder, 179. 


Trent, 236. 




— d]mamometer, Imraj's, 602. 


unit strain in timber, 227. 




friction, 608. 


Vernon. 199. 




or dynamometers, fiictloD, 502. 


Victoria, 240. 




hydraulic, 172. 


wrought-lron, 240. 




power, 170. 


at York, cast-iron arch, 234. 





Bridglnff Joists. 298. 

Bridle plough, 18. 

British AssodaUon unit, 650. 

Briquette stoves, Hardy's. 998. 

Broadbent's safbty cage, 271. 

Broken ropes, 270. 

Bronse tuyere, phosphor, 800. 

work, 670. 

Brooklyn Pier. 210, 
Brotherhood's engine. 695. 
Brown's caloric ei^oe, 697. 

— drilling machine, Gregaonand, 854. 
Brownery <S)lliery, coke ovens, 416. 
Brown's hydraulic machine, 742. 

— relay. Alloi and, 655. 
Bmnton's caldner. 911. 

Brunton and Trier'a stone-dressing macbine, 

1128. 
Brush dynamo*«lectric machine, 475. 

— Umps, 569. 

Brybam's disoonneeting hook, 274. 
Bucket grapnel, 1153. 
Bucklini tests, 166. 
Buddie, Borlase's concave, 909. 

— convex or c<*ntre-head, 908. 

— Martin's, 908. 

propeller knife, 909. 

Buddllng, 910. 

Buenos Ayres, bridges. 216. 
BuCSng and draw-springs, 985. 
Bull, claying iron or, 132. 
Bull's dredger, 470. 
Buo^ and beacons, lights, 830. 
Burleigh compressor, the, 63. 

rock drill. 974. 

Burner. Sawyer-Man, 577. 

Burning bride, 192. 

Burnt lime, 330. 

Burrell's farm locomotive, 971. 

Bushes, casting. 636. 

Bustamante fUmacesL 900. 

Bute Docks, hydraulic machines at, 747. 

Butterfleld's atmospheric hammer. 703. 

Byrne's compound-plate battery. 620. 
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ABLE dimensions, 643. 

strains, 543. 

Gables, submarine, oonstructlon, 637. 

submersion, 542 

Gagas, 266. 

Gage, Broadbent's safety. 271. 

Callow's safety, 271. 

Denton and Whittaker's safety. 272. 

elevator, 829. 

— — form of. 266. 

King's safety. 271. 

Owen's safety. 270 

Cages, safety. 269. 

Gage, Blngle-decked. wrought-lron, 267. 

Wblte and Grant'a safety, 27X 

~^ Whltelaw's safety. 272 
Caissons, 198. 

fioatlng. 199. ' 

Galciner. Bmnton's, 911. 

Oxland's and Hocking's, 911. 

Oaldning kiln, Starback's^ 787. 

Calculus, 278. 

Galow's disconnecting hook, 273. 

—' safety csge, 271. 

Caloric engines, 837. 

— engine, Brown's, 597. 

Canals, 290. 

-^ barge, 292. 

Canal IxMts, 290. 

dimensions, 291. 

nuges, 294. 

Grand Surrey, 257. 

lateral. 290. 

leakaffB. 291. 

^— level, 290. 

Canalixed river, 290. 

Candle, JablochkoiTs electric, 576. 

lamp, RaplefTa, 677. 

WUde's. 677. 

Gape Grisnex lantern, 839. 

La HSve lighthouse, 838. 

Carbon engine, Thomson, Steme, h Co.'s, 604. 
CarboniiatitMQ, 673. 
Carbon, King's, 677. 

and silicon in iron, 318. 

transmitter, Edison's, 584. 

Cards, length of Indicator, 775. 
Care of belts, preservation and, 107, 
Careening. 434. 
Gar, interior of Pullman, 1012. 
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Ckr. Knotfto refHeentor, 1018. 
Qin, PaUman. 1008. 

— refrigentor, lOlY. 
Omv's lampk 660. 
Ourriage, oompoeRe, 088. 

-—' mJooq and Bleeping, 1006. 

OoDtlnenlal oompoaite, 1008. 

Fafrlie'B bogie, 990. 

— — hanting, 996. 

Carriages, lighting railway. 1068. 

— Maan's sleeping. lOOO. 

Begray's thfrd-class, 991. 

•~— saloon and sleeping, 996. 1003. 

— seoood claas, 98T. 

sleeping, 998, 1001, 1004. 

spring, 1023. 

— » or truck, ploo^ 18. 

1 twoHrtoried, 993. 

Carpentry, 996. 
Carriers, 934. 

dimenslofifl^ 939. 

GarsateUf 8 pyrometer, 964. 
Oar, Sduanf s gadding, 980. 
— — steam tramway, 964. 
GsjB, tramway, 963. 
Gsse hardening, 32T. 
GBstngs, asphalte, 639. 
OssBon-Dormoy fUraaee, 811. 
Castings, 830. 
Cssting boshes, 636. 

— chiU,331,653. 

— chilled, 334. 
^ rolls, 333. 

— — ooQtraction of metali in, 639. 
«— — gates for, 636. 
•^— group, 1112. 

— gun, 646. 

—— iron on metals, 329. 

— — ornamental, 329. 

— ^ patterns, 638. 

— — weights of, 628. 

— — wheels, oontractloQ in, 029. 

Gut iron, 313. 

arches, 327. 

arched bridges, 230. 

arched bridge at York, 234. 

compoettion, 314. 

crystalline, 314. 

chilled. 1128. 
— girders, weight and load ot, 239. 

flanged giiders, 238. 

granular, 314. 

malleable, 327. 

|t> ^lHM ^ 316. 

piles, Dlzon's, 921. 

railway wheels, chilled, 326. 

quality, 316. 

sleepers, 1133. 

white, 313. 

window frames^ wrongbt and, 329. 

steel. 664. 

Catch pit gully, 1078. 

Gathers washer, 682. 

Gawley's indicator motion, 776. 

Celling Joists, 298. 

CeUoloee, 609. 

Cement, 331. 

— — analyses, 347. 

•— — and concrete, strength, 340. 

— bricks, compreesion, Portland, 342. 
•— — brickwork. 363. 

concrete, Itanes and mortar, 330. 

«»— hydraulic, 337. 
-^— Keene's, 341. 
-~— Medina, 341. 

Parian. 341. 

quality, Portland, 336. 

— tests, 346. 

-~-- water pipes, 338. 
Ct'mentation, 432. 
Centre-bead huddle, convex or, 908. 
Centre, Peronet's, 301. 

Telford's, 300. 

-^ Waterloo bridge, 30t 

<— weights, 299. 

Centring Cocket, 299. 

Chain brake, 171. 

Chairs, rails on, 1130. 

Chalk, 189. 

Chambers, air, 450. 

_ flushing. 1072. 

Chamber, manhole, flushing, 1073. 

Champion belt hook. 108. 

Cbampfcm's machine, 192. 

Character of formstion, mineral, 762. 

Characters of lights, distinctive, 839. 



Charcoal machine, Gordon's animal, 71. 

Goodwin's, 76. 

machinery, animal, 68. 

Charger, Best and Holden's retort, 678. 

West's retort, 677. 

Charging, cnpola, 626. 

pipe, 179. 

Charlton's shaft coupling, 1100. 

Chelsea bridge, 321. 

Chemical composition of corrosive testa, 876. 

of test pieces, 876. 

Chill casting. 321, 662. 
Chilled castings, 324. 

cast-iron cutters, 1128. 

railway wheels, 326. 

moulds, 321, 324. 

Chilled rollers, 322. 
Chills. 326. 
Chimnevs, bricks, 367. 

brickwork, 362. 

at Deu's Works, 361 . 

Northfleet, 366. 

■ proportloDSt 363. 

shafts, 349. 

shaft, concrete, 368. 

— — straightenli:^, 366. 

Townsend, 366. 

to steam boilers, 360. 

Cbisels, 1139. 
Chocking blocks, 99. 
Clamps, tube, 1141. 
CUrrs lilt, 439. 
Clarke's machine, 476. 
Claw coupling, 1098 
Clay, 189. 
Clay crucibles, 328. 
Claying iron or buU, 133. 
Clays, mottled, 763. 

for moulding, 631. 

Clayton'B moulding machine, 193. 
Cleaner, plough, 18. 
Cleaning and dressing wmtinip, 972. 
tram rails. 1134. 

Cleansing and washing coal, 369. 

Clevedon pier, 923. 

Cleveland Iron, 874. 

composition of, 876. 

Clevis plough, 18. 

Clinker, 334. 

Closet, ash, 1090. 

Bond's earth, 1090. 

dry, 1087. 

Coal breaker. Bidder's. 404. 

Hurd and Simpson's, 404. 

cleansing and wanhing, 369. 

cutter, Baird's, 390. 

Gallowi^ and M*PherBon'% 396. 

Olllott and Copley's, 391. 

Hurd and Simpson's, 392. 

-^— Johnson's, 396. 

Llllenthal's, 4 16. 

Rigg and Meikl^fohn's, 399. 

— Winstanley and Barker's, 388. 

cutting machine, Alexander's, 400. 

— — gettli^ apparatus, Dingley and Acker's, 
403. 

mining, 368. 

books. 416. 

~— Kind Chaudron system, 387. 

levels, 372. 

waggon, 1021, 1028.. 

washer, Berard's, 363. 

~— Green and Bell's, 361. 

Manault's. 367. 

Riviere's, 366. 

— Shepperd's, 361. 

— — wsahlng, 360. 

apparatus, 360. 

_. machine, Morrison's, 361. 

GoblenU bridge, 260. 

C«)chrane*B pipe moulding madbine, 656. 

Cucket centring. 299. 

Cock, plough, 18. 

Oiefflclent or modulus of elasticity, 878. 

Cofferdam, 197, 305. 

OofTerdams, 303. 306. 

Cofferdam at Birkenhead, 306. 

Doherty's. 306. 

laws, 309. 

Colled tuyere, 800. 

Coke, 416. 

analyda, 416. 

Durham, 796. 

ovens, 369. 

416. 

Appolt's, 419. 



Coke ovens, Brownery eolllery, 416. 

I^ton's, 420. 

Copptfe, 422. 

GaUoway's, 427. 

Gjer's, 417. 

Goblet's, 421. 

Serang, 426. 

Cold roUed iron, shafting of, 1093. 
Colladon's air oompressor, 67. 
^Collieries, 373. 
CoUom's jigger, 914. 
Column. Barlow rails. 921. 
Columns, Dowson's wrooght-iron, 921. 
Column, Wilson's wrought-lron, 921. 
Columns, wrought-lron, 260. 
Colour heat tests, 876. 
Combination of dllferent materials, 896. 

pan, 919. 

Commiatlon, beat, air for, 736. 

product* of, 736. 

Compact rocks, blsstlng, 143. 

Comparison gunpowder and slesm pile drivera, 

93X 
Compensator, Wilson's induction, 668. 
Oomposlie carriage, 988. 

Continental, 1008. 

saloon snd sleeping carriage, 1006. 

Composition of Bessoner steel, 676. 

cssUiron, 314. 

of Cleveland iron, 876. 

of corrosive tests, chemioal. 876. 

of Martin-Siemens steel, 876. 

of rivet steel, 875. 

of Shropshire boiler-plsts, 876. 

of subcarboniaed steel, 876. 

Swedish iron, 875. 

of test pieees, chemical, 876. 

Compound deiormaUona, 893. 

hammers, 690. 

jack, Harrison's, 827. 

plate battery, Byrne's, 630. 

preas, 762. 

Compressed air brakes 173. 
Compression spparatus, 941. 

Portlsnd cement bricks, 34X 

— coupling, 1099. 

strength of material, 884. 

Compreaaora, air, 62. 
Compressor, the Burldgb* 63. 

Colladon's, 57. 

Fowler's sir, 64. 

Halbom'a air. 62. 

Schram's air, 66. 

Sturgeon's, 60. 

Concave huddle, Borlase's, 909. 
Concrete, 338. 
"—— chimney shaft, 368. 
— — foundations, 364. 

foundation, rails on, 1131. 

— • limes and mortar, cement, 330. 

roads, 339. 

fbr sewers^ 1068. 

strength, cement and, 340. 

Concusslve tests of iron and steel, 871. 

Condensera, 562, 681. 

Oondensiug power, distant sea light, 84t. 

near sea liriit, 847. 

prism, astanuthal, 841. 

Condition of outcrop, position and feneral, 

766. 
ConducUvities of metals, 726, 726. 
Cone coupling. Seller's doubly 1099. 

pulleys, 113. 

Conglomerate rooks, blsstlng 146. 
Conradi's stone saw, 1119. 
Construction land line, 640. 

strength of materials of, 870. 

submarine cables, 637. 

Continental composite carriage, 1008. 
Continuous beams, 891. 

bearings, raUs on, 1131. 

brakes, 17X 

Contraction of area at fractnze, 682. 

in casting wheels, 629. 

of metals in casting, 629. 

Converter, 1109. 
— ^ Besaemer, 430. 

lining, replacing, 1110. 

Converters, refractory llnlnga, 1109. 

Gbnvex or centre-head bnddUe^ 908. 

ConveyanceK, barrows and, 193. 

Cooke and Hunter's stone mouktlof mschlnf, 

1124. 
Coolen and a cc e s sories, retorta. 74. 
Cooper's slide valve indicator, 781. 
Copley's coal catt«r, Gillott, 391. 



INDEX. 



1159 



Gopple ooke orens, 422. 

Copper, 429. 

Copper ore. 914. 

OorM^re Uahthoiue, 830. 

pUtfiKn, 832. 

Cores and core prlnta, 640. 

Core, diameter, caUes, 537. 

moulding, 640. 

Comi»h bollrn, 147. 

Corrosive teats, chemical composition of, 876. 

Corves, 376. 

Gist of steam ploaghiog, 971. 

Cotton belting, 129. 

gnn, 608. 

Cotton press, 764. 

Coanterfbrts, 306. 

abutments, wing-walls, and, 216. 

Countershaft, 1096. 

GoopUng, Charlton's shaft, 1100. 

claw, 1098. 

^— compression, 1099. 

Creason's patent, IIVO. 

flange, 1098. 

Ricbaids*. 1101. 

and London's, 1101. 

~— London, and Kelly's, 1100. 

Seller's double cone, 1099. 

Couplings, shaft, 1096. 

shaft, 1097. 

solid half Up, 1098. 

Coventry's hanger, Smith and, 1104. 

Covered goods waggon, 1029. 

Cowper's writing telegraph, 566. 

Crampton's puddling IVimaoe. 813. 

Crane, automatic self-sustaining, 822. 

LYane's brscket, 1103. 

Esston and Anderson's steam, 820. 

portable hydraulic, 749. 

steam derrick, 820. 

Thomas', 822. 

travelling, 820. 

travelling steam, 621 

Creason's patsnt coupling, 1100. 

CrltM, 312. 

Cross bracing, 263. 

girder. Moment's, 463. 

Cros«uigB, tramway points and, 1134. 
Crown teUpbone, Phelps', 586. 
Crow'« foot, 1140. 
Crucibles, 664. 

Crucible ateel, strength of; 871. 
Crusher, Blake's, 915. 
Crystalline cast iron, 314. 
Crystallixatlon, 319. 
Crystals, fbrmatlon ot 319. 
Cultivatkm, itaam, 21. 
Cultivator, Grelg's, 29. 
Cupolas, 619, 1111. 
Cupola, charging, 625. 

ftamaoe, 618, 

Heaton's, 621. 

Ireland's, 621. 

Krlgar's. 620. 

lining, 622. 

Mackensie. 620. 

—^portable, 621. 

trapdoor, 624. 

Volsln's, 621. 

Woodward's, 621. 

Curbs, 378. 
Curb iron, 1135. 

welling, 379. 

wedging, 379, 382, 

wooden drum, 1135. 

Current meter, More's. 903. 
Cutters, chilled cast-iron, 1128. 
Cutter, Gallowsy and McPherion's, 396. 

GiUott and Copley's coal, 391. 

holder fur revolving, 1127. 

— — Johnson's ooal, 396. 

LUienthal's coal, 405. 

Rlgg and Meikl^hn's coal, 399. 

root, 102. 

Schram's stone, 1129. 

steel, 1129. 

turnip, 49. 

Winatanlsy snd Barker's coal, 39». 

Cutting, black diamonds fur stone, 1116. 
Cutting and turning lathe, screw, 849. 

machine, Alexander's oosi, 400, 

, Baird's coal. 393. 

Cnttings, blasting in open, 141. 

Cycluscope, 14. 

Cyliiidcrs. Bordeaux, 207. 

Cylinder brake, 179. 

brick machines, double, 182. 



cylinder foondatloos, 206. 
Cylindrical IbundAtions, 200. 

sewt*TS, Fall for, 1066. 

steam, 649, 946. 
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AMS, double, 304. 
rianiell's pyrometer, 954. 
I>irbyshire's wheel moulding-machine, Belling- 

ton and, 660. 
Darke's detent, 779. 
Darlington rock drill, 976. 
Dart's spring, 1141. 

Data for telegraph testing, miscellaneous, 548. 
Danlu's furnace, 613. 
Davis sod Primrose's hammer, 692. 
Davy's p>wer hammer, 700, 705. 
Dawna/'s n;fHgenting waggon, TaUerman, 

Grunlng, and. 1019. 
Deep-boring, 1143. 
Deformations, compound, 893. 
De Meriten's machine, 486. 
Denton's dlsengsging hook, 274. 
Denton's retorts, 80. 

Denton and Whittaker's safety csge, 272. 
Depositing docks, 462. 
Deposit of mercury, 899. 
Derrick crane, steam, 890. 
Destru'tion to tuyeres, 804. 
Detaching hook, Ramsey and Fisher's, 277. 
Detaching hook. Walker's, 275. 
Detent, Darke's. 779. 
Detonation, 607. 
Detonators, 136. 
Deu's Works, chimneys, 361. 
Deviated flexure, 890. 
Diagram of forces, 261. 
Diameter of core, cables, 537. 
Diamonds for stone-cutUn^ black, 1116. 
Dtokenson's floating dock, Trevlthi^ 464. 
Diiferential voltameter, 956. 
Dlirerentlating, 283. 

Different materials, combination ot 896. 
Digging machine. Knight's steam-power. 27. 
Dimemlona. cable, 543. 

canals, 291. 

carrier, pneomatlc, 939. 

of fans, 615. 

of piles, 929. 

pistons, 939. 

tubes, 939. 

Dinas brick, MCelsh, 353. 

Dingey's pulveriser, 913. 

Dingley and Acker's coal-getting apparatus, 403. 

Direct Ufts, 437. 

Discharge of egg-shaped sewers, 1066. 

Discharge of sewers, 1063. 

INsoonnecting hook, 270. 

hook, Bijbam'a, 274, 

hook, Oslow's, 273, 

hook. King's, 274. 

hook. McOUl's, 275. 

— hook, Ormerod's, 273, 

Disengsged heat, 736. 

Disengsglng hook, Denton's, 274. 

Distant sea light, condensing power, 846. 

Distinctive character of lights, 839. 

Distributor, Oramlne's, 488. 

District dndnlog, 1061. 

Dioptric apparatus, Fresnei or. 842. 

Dioptric apparatus at the South Foreland, 844. 

Dixon's cast-iron piles, 921. 

Dixon's railway-osr axle, 90. 

Ducks, 434. 

Dock, Bramwell's, 466. 

depositing, 462. 

excavated, 458. 

floating, 439. 

gates, 444, 458, 460. 

glrdeis, 442. 

girders stresses, 444. 

—— graving dry, 435. 

hydraallc machines at Bute, 747. 

lifting, 440. 

Botherhithe floating, 454. 

St. Thomas, 457. 

weight of, 450. 

Docwra's miser, 1138. 
Dog, hand, 1140. 

lifting, 1140. 

pipe, 1141. 

Doherty's coffer dam, 306. 
Dolly, pipe, 1141. 
Domes, steam, 151. 
Door, Cupola inp, 624. 
Dormoy furnace, Ca»on, 81 1. 



Doable belts, single and, 119. 

oone oouplinc. Seller's, 1099. 

cylinder brick machines, 182. 

— — dams, 304. 

lathe, 851. 

tool-holder, 862. 

Dowson's wrought-iron columns, 921. 
Drainage, 465. 
—— booits, 467. 

mlnesi 466. 

Draining district, 1061, 
Drains, lateral, 465. 
Drain, main, 465. 

pipes, agricultural, 466. 

Drainage plough, 19. 

Draining, 380. 

Draught-testily instruments, 506. 

Draw-gear, 1024. 

— — springs, bufflng and, 985. 

Dredger, 203. 

Bull's, 470. 

Fouracre's, 471. 

at Kehl, 208. 

Popie's, 473. 

Dredging, 468. 

plant, 468. 

Dresnng castioa, cleaning and. 672. 

machine, fiorlsse's ore, 911. 

~— machine, Bnuiton and Trier's stime, 1128. 
Dress ores, machines and processes employed to, 

906. 
Drilling, 803. 

and boring madilnes, 864. 

mariiine, 403. 

— machine, Ferris and Miles's, 866. 

mschlne, OregBon, Brown and Sons', 854. 

Drill, Barlow's rock, 972. 
— - Burleigh rock, 974. 

Darlington rock, 976. 

Dubois-Francois rook, 973. 

ffrlnding machines, twist, 863. 

Ingersou roelE, 976. 

Jordan's rock. 971. 

— — Kainotomon rock, 975. 

McKay's, 857. 

-— McKesn rock, 976. 

portable, 855. 

rock, 130. 

Sack's rock, 976. 

Schram's rock, 977. 

"Ppot^ 31. 

Weaver's rock, 971. 

Driven, piles, 928. 
Driver, pile, 927. 

Drivers, comparistm gtmpowder and steam pile. 
932. 

Shaw's gunpowder pile, 929. 

-—' in soft grotmd, gunpowder pile, 931. 

— steam pile, 927. 

working of various pile, 931. 

Driving by belts, 120. 

— power of belts, 1 16. 

time, pile, 930. 

— - wheeb, 957. 

Drop, Wrightson's Uast ftoiace waggon, 804. 
Brum, ooal mining, 386. 

curb, wooden, 1135. 

guatds and feeding geara. 97. 

Dry closet. 1087. 
Uiying, brick, 192. 
floors, 333. 

— machine, Milbam's, 1082. 
stoves for Iwass, 670. 

sand or green-sand moulding, 632. 

Dubols-Frangois rock-drill, 973. 
Dnboscq's lamps. Foucault and, 669. 
Duplex, Steam's bridge, 535. 

transmission, Farmer's, 522. 

transmission. Vianisi, 529. 

Durability. 106. 

Durand and Mands' brick maclilne, 182. 

Durham coke, analysis, 795. 

Dynamical or living resistance, 896. 

Dynamite, 608. 

Dynamo-electric machines, 475. 

electric machine. Brush. 475. 

electric machines, ElBclency, 495. 

electric machine, Siemens', 484. 

Dynamometer, 499. 

belt, 500. 

experiments. 604. 

friction brake, 508. 

horse, 507. 

— horse-power rotary. 511. 
-— Imrsy's brake, 502. 
Moiin's, 287. 
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DyiMiBoineCcr ploof^ 512. 

rotary, ftl2. 

haiid, 509. 

— tmMiw, 513. 



E 




lARTH brkk. 189. 

dawt, BoiMrt. 1090. 

EMtoa and Andenon's steim cnne, 820. 
£ut BiTcr Brfd^e, 210. 
EAUn's coke oveiM» 420. 
Edge Uid beltfl^ 120. 
Edlnboigb tnmwAji, 1132. 
£dtoon'0 carboD traMmitter, 584. 

electric lamp, til. 

maddixM, 480. 

— — qoadniple Idegraphj, 534. 
— >— almultaiieoiia tranamtekm, 529. 

telepboDe, 584. 

Edward^ lamp^ Suite and, 500. 
Eel-ddn laeea, lOO. 

EflkieiMj, 4nuuD<>-electi1c machlnwi, 496. 
EIn-ibaped aewen^ 1004. 

discfaazse of; 1005. 

Elaatidty, ootflldent or modaliiB, 878. 

— ofatoel, UmU of. 879. 
Electrioal englBeerinit, 520, 

books on, 591. 

fawtnuDciiti. 551. 

tfl«tti«544. 

— — noSti, 550. 

Electric brake, Aebard, 180. 

caudle. JablocbkoTB, MO. 

<— fln-alanna. 588. 

lamp*, 500. 

_ fionUgvliie'a. 677. 

Edieon's 577. 

579. 
Koon'a, 577. 

Baptera. 577. 

Wllde'i. 577. 

macbine, Br^gnet'a iiiagiie«o% 137. 

bmsh dTiiaiiio-, 475. 

marhlnfa, dynamo, 476. 

■ efflden^. dynamo-, 495. 
experimenta, 490. 
Holmea' magneto. 479. 
Ladd'a, 480. 
maftoeto. 475 
Stemeof* dynamo-. 484. 

magiMto-, 137. 

WUde'a.479. 

tnuiamlnloo of power, 589. 

Electn>*magnet, 180. 

mfchanlral tranamtwtoD, Smith's, 526« 

Electrometer, 662. 

Thomaon qoadraot, 562. 

Elerator cage, 829. 
Klevaton/Lifts, bolsto and, 820. 
Klongftikm. reabtance and, 880. 
Emery grinders, 80X 

— wbeela, 803. 

— — Kanaome's, 804. 

Engine. Aveling and Portei'a, 960. 

Blscboff gaa, 599. 

^— Boydell's, 904. 

Brotberiiood'B, 596. 

Engines, Oalc«1c. 837. 
Engineering, books on electrical, 591. 
— — — on sanitary, 1090. 
-~ electrical, 520. 

sanitary, 100 1. 

Engine, Fowler's, 908. 
• Oallahoe^ 58X 

— ms and heat, 697. 

Hock's petroleum, 002. 

— — hoaae,308. 

-— * hydraulie banling, 748. 

LIdgerwood, 692. 

Maasey, 592. 

Myer'B,59X 

Otto gas. 000. 

Oauidge, 593. 

Paaienger, 962. 

press and steam, 808. 

Riders hot-air. 699. 

Taylor's, 966. 

testing with steam, 767. 

— — Thomson's, 965. 

Thomson, 8t«ine, and Co.'s carbon, 601. 

trials of rotary, 693, 694. 

rarleties of. 692. 

Wnt's six-cylinder, 596. 

Wlllan's, 696. 

Entering manhole, mode ot, 1076. 
Eqniralent of heat, mechanical, 709. 



Erecting taivets, 1106. 

Escmliig gsses in Askam ftmaaoe, 796. 

Cjkk Bridge, Taamanla, 260. 

Enrdca madiine, 39. 

Excavated docks, 468. 

Excavator, Ive's, 470. 

Milroy's.204. 

Expanaioo gaaeB,718. 

Uqaids, 718. 

solida, 718. 

of water, 717. 

Experiments, Blower's, 018. 

Boyd's, 162. 

— — <- dynamometo*. 604. 

electric marhtnea, 490. 

explosive, 000. 

Oiamme machine^ 497. 

heat. 709. 

Jonle'a. 714. 

indicator, 772, 774. 

Laybomme, 102. 

of apringi. 770. 

traction, 877. 

Exploder, Bombardt's fricttonal, 130. 
Explodvea. 006. 
Explosive experimenta, 000. 

fUling bore^ioleB, quantity of, 010 

firing pointa of, 009. 

Extenakm, strength of material, 884. 
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ACE^ adit, 1073. 
Fadng lathe, 861. 
Factory tests, electrical. 644. 
FagenU steel bsn, testa, 807. 
Fairbaim boiler. 162. 
Falrlle's bogle carriage. 990. 
Fall for cyUndrical sewers, 1060. 
Fans, 413, 010. 
Fan, Aland's. 613. 

dimensions of, 016. 

Onibal's, 414. 

Lloyd'a. 611. 

Schiele's. 611. 

Sturtevant's, 612. 

FareHSoonters, 1. 

Fanner's duplex transmission, 522. 

Farmer, Ump, Wallace, 673. 

Farm locomotive, Aveling and Porter'a, 971, 

BurreU's, 971. 

Fastener, Linoolne belt, 109. 

Faaienings, belt hooks and, 108. 

Faolta, testing for. 547. 

Faults, testing for, and line testing, 646. 

Fawoett and Firth's hammer, 693. 

Feeder, Head's selt 98. 

Feeding gears and drum guards. 97. 

Ferris and Milea* drilling machine, 855. 

Field tube, 157. 

Filtratton, intermittent, 1086. 

Flre-4bum, Bain's, 588. 

LebUnc's, 688. 

Flre«alarms, electric, 584. 
Firing by electricity. 143. 

machines, 136. 

points of explosives^ 609. 

Flrminich's boiler, 157. 

Firth's hammer, Fawoett and, 693. 

Fisher's detaching hook. Ramsey and, 277. 

Fittings, shafta and shaft, 1091. 

Fixed ligbta. 842. 

Fixing boiler stays, machine for, 802. 

Flange coupling, 1098. 

Flanged girders, cast-Iron, 238. 

Flanges, strains, 244. 

strains, bowstring glrden, 256. 

stresses on, 449. 

total stresses on, 454. 

FUp, tidal, 1075. 
nexible shaft, 1107. 
Flexure, 888. 

deviated, 890. 

rapture imminent by, 892. 

slidiog due to, 891. 

Floating rAWsoDS, 199. 

dock. 439. 

Rotherhithe, 454. 

— Sectional. 455. 

lift, Braiuwell's, 455. 

pier, 926. 

Flooring, 295. 
Floors, drying, 833. 
Flushing chamberit, 1072. 
— ^ chamber, manhole, 1073. 
gate, 1073. 



Flushing seweiSk 1077. 

Fog signal, 830. 

Foot, crow's^ 1140. 

Footway, bridge, 223. 

Forces, diagram uf. 25L 

Foreland, dioptric appaiBtoa at the Sooth 044. 

Ughthoose, South, 836. 

Foige hammer, Haeae'a, 706. 
FofmaUon of crystals, 319. 

mineral diancter, 702. 

Fonn of cadges, 200. 
Focmulse, pneumatic tranamiasiao, 930 
FonnuLss, beat atomic, 736. 
Fonnnla for sewen, 1000. 
Foucanlt and Dnboaoqls lamps, 609. 
Foncault's Ismp, 600. 
Foondationa of bridges, 190. 
Foundation, concrete, 364. 

qrUnder, 206. 

cylindrical. 200. 

of the Foiney Viaduct, 200. 

raila en concrete, 1131. 

at the Rhone, 198. 

rubble mound, 198. 

tramway. 1130. 

tubular. 200. 

Founding, 018. 

braas,000. 

of statues, 071. 

Foundry iron, 314. 

ladles. 003L 

pita, 001. 

stoves, 000. 

Fouracre's dredger, 471. 
Fowler's air oompiesson, 04. 

engine. 96H. 

Fracture, contraction of area at, 882. 
Frame, liorlng aheer, 1143. 
Frames, wrought and cast-iron, 329. 
Frendi and Swias units, 650. 
Fresnel or dioptric apparatua, 042. 
Frictlonal exploder. Bonhardt'a, 130. 

madiines, 130. 

Friction biake dynamometer, 608. 
— - brakea or dynamomeiers, 50X 
Fri<«hen trsnsmlsBlon, 524. 
Fuel gSB pruduoer, 820. 
Furnace, Aakam, 796. 

blaat. 619. 

Fumaoes, blabt, 792. 

brassfonnders* air, 660. 

— — Bnrtamante, 900. 

CuBon-Oonnoy, 811. 

-— Grampton'a puddling, 813. 

cupola, 018. 

Danks's, 813. 

escaping gases In Aakam, 790. 

— — Jdxian, 900. 

mouthpieces, 162. 

Pemot, 811. 

reverberatoiy, 626. 

shafts, 363. 

skg fiom Askam, 796. 

Spiegeleisen, 799. 

-'tube^ 150. 

waggon drop, Wrighfason'a blast, S04. 

Fuse, BIckford, 140. 

safety, 133. 

Fusee, qnantfty, 134. 

tenalon, 134. 

Fusible iron, 321. 

Fusion of Bubstsnces, heata oC 717. 

VTADDINQ car, Schram's, 980. 

GalffiB'a lamp. 569. 

Gallahue engine, 692. 

Galloway boiler, 149. 

Gallowajr's coke ovens, 427. 

Galloway and HcPhenon's coal cutter, 396. 

Galvanometer, Thomaon, 561. 

Gangea. bridge, 244. 

~— canal, 294. 

Garrett's threshing machine. 97. 

Gas apparatus, Pintsch's oil-, 1068. 

Gsaes in- Askam ftamaoe, escaping, 700. 

Gas, books on, 687. 

densities of. 732. 

— >- engine, Biscboff, 599. 

Otto, 600. 

expansion, 718. 

and heat engines, 697. 

holder, 084. 

~— maina, 679. 

manufheture of, 672. 

producer, fOel, 820. 
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Gm parlflen, 682. 

Kwer, 1080. 

Gates for caitingi, 838. 

dock, 444. 454, 460. 

flnsbing, 1073. 

stop, 393. 

wooden, 460. 

wToaght>troii, 461. 

Gaantlett't pvTometer, 954. 
Gear, Barrett's boise-, 103. 

draw-, 1024. 

Gears and dmm gnarda, feeding, 97. 

Head's, 388. 

Head's reversing, 815, 81t. 

Hitchcock's traction, 121. 

~— horse, 103. 

hydraulic rerersing, f 43. 

stterlng. 744. 

Sturgeon's hammer Tslte, 699. 

— — win(unK, 927. 

Gellerat road roller, 970. 

General condition of outcrop, position and, 765. 

German mile unit, 650. 

steam hammer, 894. 

GtUott and Copley's ooal cutter, 391. 
Girders, 231, 296. 

bowstrlngt strains, 254. 

cast-iron, flanged, 238. 

dock, 442. 

flange strains, howstrii^, 256. 

Uttice, 252, 246. 

moments of cross, 443. 

open-web, 243. 

plate. 242. 

straina, 247. 

on bars of web of bowstring* 256. 

plate, 242. 

— — stresses, dock, 444. 

—— with one series of triangles, 244. 

Warren, 244. 

Gironard's lunp, 569. 
GJer's coke ovens, 417. 
Qlaister's stone saw, 1121 
Glasgow bridge, 201. 
•— — tramways, 1132. 
Glosflop's hammer, 705. 
Gobiet's coke ovens, 421. 
Goods waggons, 1020. 

waggon, covered, 1029. 

Godwin's charcoal machine, 76. 

Gorai bridge, 205. 

Gordon's anknal cbarooal machine, 7L 

Gower telephone, 583. 

Graham Bell's telephone, 582. 

Gramme's distributor. 488. 

light-machine, 482. 

Gramme machine, 480, 481. 

ezperlmsnta, 497. 

Granl'e, 220. 

Grant's safety cag^ White and, 272. 

Granular cast Iron, 314. 

Grapnel bucket, 1153. 

Grate, sewer ventilating, 1072. 

Graving dry Docks, 435. 

Gray's Telephone, 582. 

Green and Bell's coal washing machine. 361. 

sand moulding, dry sand or. 632. 

Gregson, Brown and Scm's drilling machine, 854. 
Greig's cultivator. 39. 

shoe, Aveling and, 959. 

Grey Iron. 313. 
Grid, hydraulic. 465. 
Grinders, emery, 862. 

tool, 863. 

Grinding machine, twist drill. 863. 
Grip, King's safety. 273. 
Grisnex lantern, Ckpe, 839. 
Grosvenor Bridge, 212. 
Ground augers, 1139. 

gunpowder pile driver in soft, 931 . 

Group casting, 1112. 

Grnning and Dawnay's refrigerating waggon, 

Tallerman, 1019. 
Oojurds, axle, 985, 1023. 
— — feeding gears and drum. 97. 
Guibal's fan, 414. 
Guid(>s for cag^s. 267. 
Grinding pulley. Scant k's, 780. 
Gully catch pit, 1078. 
GuQ-castlnga, 646. 
Gun cotton, 608. 
Gunpowder, 606. 
— - pile driver. Shaw's 929. 

-^ in soft ground, 931. 

— — and steam pile drivers, comparison. 933. 
Guttapercha wires, 538. 
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AGKNEVS stopper, sted mould, 1118. 
Hamatlte iron, 793. 

pig iron, Askam, 796. 

red, 798. 

Half-Um coupling, solid, 1097. 
Hall's lathe, 847. 849. 

pulsomeier, 949. 

Halake's machine, Siemens' and, 478. 
Halske relay. Siemens' and, 553. 
Hammers, 687. 

Hammer, Buiterfleld's atmospheric, 703. 
—— compound, 690. 

I>avls and Primrose, 692. 

Davy's power, 700, 705. 

Fawcett and Fiitk's, 693. 

Glossop's. 705. 

-^— German steam, 694. 

Basse's forge, 706. 

— - Longworth's pneumatic, 701. 

power, 687. 

Schneider** steam, 697. 

Shell's atmo^pberic, 700. 

— and sledge, 131. 
Rigiev, 691. 

^— Stacy's revolving, 707. 

steam. 689. 

at Woolwich Arsenal, 694. 

valve gear. Sturgeon's 689. 

Hancock's tube-boiler, 153. 
Handles, tillers or, 1140. 
Hand-dog. 1140. 
Hand dynamometer, rotary, 509. 

moulding, 191. 

Hangers for sluifts, 1101. 

Hanger, Smith and Coventry's, 1104. 

Volhrath's, 1104. 

Hannah's piston meter, 902. 
Hardening, case-, 327. 
Hardy's briquette stoves, 998. 
Harrison boUer, 156. 
Harrison's compound Jack, 827. 
Harrows, 34. 

Randall's pulverising, 34. 

Hasse's forge hammer, 706. 

Btartung's pyitxneter, Steinle and, 955. 

Harvesters, 34. 

Harvester, Osborne's Under and, 43. 

Hal horn's alr-oompresMr, 62. 

Hauling engine, hydraulic, 748. 

Haymaker, Jeffrey's, 48. 

Hay ward, Tyler, and Cc's steam pump, 947. 

Head, boring, 1147, 1152. 

gear, 368. 

Headings, size of, 1137. 
Head's reversing gear, 815, 817. 

self-feeder, 98. 

suspended boiler, 168. 

Hearaon's strophometer, 9. 
Heat, 708. 

air for combustion, 735. 

atomic formulas, 735. 

books on, 737. 

disengaged, 736. 

— i engines, gas and, 597. 

experiments, 709. 

Heats oi fusion of substances, 717. 

Heatgiver, steel, 1109. 

Heating apparatus, Thamm and Rothmuller's 

1057. 
Heat, Joule's experiments, 714. 
->— mechanical equivalent of, 709. 

a mode of motitm, 713. 

Heaton's cupola, 621. 
Heat, phenomenon, 709. 

— OTodncts of combustion, 735. 

for roasting ores, 782. 

Heats, spedflr, 715. 720. 

Heat tests, colour, 876. 

of vaporization, latent, 729. 

Hedge's lamp, 572. 
Helical pump, Imray'a, 950. 
HeiHleraon's steam retort, 676. 
Hercules, steam, 821. 
Higgs' electric lamp, 679. 
Hinds* boring machine, 856. 
Hitchcock's traction gear, 121. 
Hocking's calctner, Oxland's and. 91 1. 
Hocki^ petroleum engine, 602. 
Hodgeit's tuyere, 801. 
Hoist* and elevators, lifts, 820. 
Uolden's retort charger. Best and, 678. 
—^ charging machines. 679. 
Holder, double tool, 86X 

gas, 684. 

planing tool-, 861 . 



Holder for revolving cotters, 1127. 

telescopic, 686. 

Holder's tool, 860. 
Holes, lamp, 1071. 

for quarter turn belt, 125. 

Holing, machine, 388. 

and shearing, 387. 

Hollow moulding, 636. 
Holmes* magneto*electrio machine, 479. 
Holophotal totally reflecting prisma, 840. 
HoroogoieoQS beam, transverse vlbnUons for a, 
897. 

iron, 806. 

Huok, Brybam's disconnecting, 274. 

Calow's disconnecting, 273. 

Champion belt, 108. 

Denton'tt disengaging, 274. 

— — disconnecting, 270. 

King's disconnecting, 274. 

M*GiU's disoonneaing. 275. 

Ormerod's disconnecting. 273. 

Ramsey and Flaher's detashing, 277. 

Hooks and fastenings belt, 108. 

t,9aSttty, 273. 

Hook, firing, 1I40. 

Hooks, wad-, 1139. 

Hook. Walker's detaching. 376. 

Hookas, Wilson's belt, 109. 

Hoop iron and steel, tests of^ 807. 

Hopnnson's optical apparatus, 838. 

Horlsontal press, 752. 

Horn pan, 919. 

Horse dynamometer, 507. 

gears, 103. 

gear, Barrett'a, 103. 

hoe. Lake's, 46. 

— ^ or ridger, 30, 

Horse-power, 737. 

indicated, 737. 

nominal, 737. 

rotary dynamometer, 511. 

Horse shoe rib, 229. 
Hoi-air engine. Rider's, 599. 
House, engine, 368. 
Houston's lamp, TluMnson, 573. 
Howard boiler, 157. 
Howard's moulding machine, 654. 
Hoyt's angular belting, 137. 
Hughes' audiometer, 586. 

microphone, 585. 

sonometer, 586. 

-~— telephone, 586. 

type printer, 559. 

Hunters stone machine, 1126. 

^_ moulding machine, Cooke and, 1124. 

Hunting carriage, 996. 

Hunt and Simpson's ooal breaker, 404. 

cutter, 392. 

Husband's pneumatic »tamp^ 907. 
Hydraulics, 742. 
Hydraulic brakes, 172. 

cement, 337. 

crane, portable, 749. 

grid, 465. 

nauUng engine, 748. 

1111,441. 

macbinea, 747. 

machine. Brown's, 743. 

machines at Bute Docics, 747. 

mortar, 331. 

presses, 450. 751. 

press. Wilson's, 750. 

reversing gear, 743. 

riveting mach ne, 889. 

~— steering gear, 744. 

tools, 866. 

wedge, Jones', 404. 

winch, 745. 

Hydrogeology, 757. 



XMFLEMENTS. sgricultoral, 16. 

Books, 52. 

Impurities, iron, 316. 

Imray's brake dynamometer, 602 

helical pump, 950. 

Incandescent lamp, Bmllgulne's, 677. 

, Edison's 677. 

Indian gham, 2i>o. 
Indlarubber wire, 539. 

tire. 960. 

Increaaing yield of well. 1136. 
Indicscted horse-power, 737. 
Indicators, 5. 767. 
Indicator carda, length of, 776. 
Cooper's slide valve, 781. 
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Indicator experlmenta, 771-4. 
^— Keayoo's pittonleas, 7hi. 

motion. Oawley's, 776. 

Richards', 778. 

Sweet'B, 779. 

ThomiOD'a, 777. 

pocket revolxxtloo, 11. 

Indactlon compeiuator, Wilson's, Mi. 
Ingenoll rock drill, 976. 
Ingots, weighing steel, 1 1 IS. 
Instmments, draogfat testing, 506. 

electrteal, 651. 

Insalatlon resistance, 546. 
Insolator, 637. 
Integration, 283. 
Intesttnea, belting of; 129. 
Intensifying apparatus, prasmre, 753i 
Interior of Pullman car, 1012. 
Intermltteut flltraftlon, 1080. 
Ireland's cupola, 621. 
Iron, 782. 

— abatmenta, 216. 
— • analysis of bar, 811. 

— - of Marron bar, 810. 

arches, cast. 227. 

— wrought, 240. 

— «- Askam bomatite pig. 796. 
•— bars, tests of Marron, 809. 

black, grey, 317. 

bridges, 227. 

— — — wrought, 24 0. 

— carbon and silioon In, 318. 
cast, 313. 

— CSeveland, 874. 

columns, Dowson's wrought, 921. 

—— column, Wilson's wrought, 921. 
^—~ Columns, wrought, 260. 
— — composition cast, 314. 
— — — of Cleveland, 876. 
— of rivet, 876. 

— — of Swedish. 876. 
of Yorkshire, 876. 

— carb, 1136. 

cutters, chilled cast-. 1128. 

—— crystalline cast, 314. 
—— foundry, 314. 

— ftisibte, 321. 

— gates, wrought, 461. 
— — granular caat, 314. 
grey, 313. 

bnmatite, 793. 

— — homogeneous, 806. 
•— impurities, 316. 

makers of pig, 316. 

•— msnganiferous, 317. 

— melting of cast» 316. 
— — ore, 782. 

— spathic 798. 

-—ores, aluminous, 794. 
— - <ixkle of; 189. 

pig. 317. 

-^ piles, Dixon's cast-, 921. 
•~—' pipes for sewers, 1067. 
pure, 808. 

— pyrites. 189. 

-^— quality of cast, 316. 
railings, wrought, 329. 

— Scotch pig, 316. 
sheatblng, 639. 

-^— shafting of cold rolled, 1 093. 

-^— sleepers, cast, 1133. 

~^ sponge, 818. 

•~— and steel, concussive tests of, 871. 

— — medumlcal tests of, 873. 

tests of hoops, 807. 

strength of, 870. 

of Lancashire. 871. 

of Yorkshire, 871. 

Swedish bar, 874. 

tubbing, 383. 

tubes, pneumatic transmissioa, 933. 

wrought, 1141, 1144. 

white cart-, 313, 

wire, 640. 

Irrisatlon, water. 1091. 
Ive% excavator, 470. 

J ABLOCHKOFirS electric candle, 676. 
Jack, Harrisfm's compound, 827. 
Jaoubi's unit, 560. 
James' boUer, 154. 
Jeffrey's haymaker, 40. 
Jet photometer, 687. 
Jham. Indian, 200. 
Jigger, CoUom's, 914. 



Jobson's moulding machine. 666. 
Johnson's coal cotter, 396. 
Jointing plpea, 1067. 
Joints, permanent, 107. 

pipe. 1146. 

Joists, 296. 

binding, 297. 

ceiling, 298. 

Jones' hydraulic wedge, 404. 
Jordan boiler, 156. 
Jordan's pulveriser, 910. 

rock drill, 971. 

Joule's ezp^rimente, heat, 714. 
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AINOTOMON rock drill. 976. 

Kansas aty bridge. 201. 
Kearsley's mowing ni^y^'"^, 36. 
Keene's cement. S4L 
Keeps or kepe, 268. 
Kehl bridge, 207. 

dredger, 208. 

Kelly's coupling, Richards, London, and, 1100. 
Kennard's sand pump, 203. 
Kibbles. 377. 
Kl'ns, 334. 
Kiln, brick, 194. 

re-bumlng, 70. 

Schedln's pit, 786. 

Starback's calcining, 787. 

tennlnge, 787. 

Uhr's7«7 

Westroan's. 788. 

Kind-chaudron qrstem, mining, 387. 
Kinematic method, Thomson's, 287. 
King's carbon. 677. 
— dlscohnccting book, 274. 

safety cage, 271. 

grip, 273. 

Kingswood's washer. 361. 

Kistna viaduct, 205. 

Knife huddle, propeller, 909. 

Knight's steam-power digging machine, 27. 

Knott's refrigerator car, 1018. 

Konn's electric lamp, 677. 

Krigar's cupola, 620. 



JjACASSAQUE and Thlera' lamp, 667. 

Laces, eel sUn. 108. 

— ^-and lacing, 108. 

Lachig, laces and, 1 08. 

Lacour's phonic wheel, 580. 

Ladd's electric machine. 480. 

Ladles, Foundry, 663. 

La Hftve lighthouse. Cape. 838. 

Lake's horse hoes, 46. 

Lambeth bridge, 221. 

Lamp. Alteneck-Slemens, 668. 

Andr^'^ 674. 

Archeran's, 567. 

Bouliguine's electric 677. 

Lamps, Brush, 569. 
Lamp, Carry's, 669. 

Edison's electric, 677. 

Lamps, electric, 566. 
Lamp, electric, RapielTs, 677. 

Fonoault's, 666. 

Gailfe's, 569. 

— — OlTOuard's, 669. 

Hedge's, 572. 

Hlggs', 679. 

holes. 1071. 

Konn's, 677. 

Lacassagne and Thlera, 667. 

Le Moirs, 667. 

Lontin's, 672. 

Rapiers, 57L 

Reynler's. 674. 

Serrin's, 669. 

Staite and Edwards', 666. 

and P«irie's. 667. 

— Thomson and Houston's, 673. 

— Wallace-Farmer, 573. 

Werdermann's, 574. 

Westinghouse's, 1069. 

Wilde's candle, 577. 

Lancashire boilers, 147. 

Iron, strength of, 871. 

Land line construction, 540. 
Lantern, Cape Qrisnei, 839. 
pedesUl, 834. 

La Place de I'KuroiM Bridgp, 319. 
Latent heat of vaporization, 729. 
Lateral canals, 290. 



Lateral drains, 405. 

Lathes, 847. 

Lathe bed moulding, 64X 

double. 851. 

facing-. 861. 

Hall's. 847, 849. 

Richards and Atkinson's, 860. 

Screw-cutting and turning. 849. 

Lattice girdere, 246, 252. 

Law's cofferdam, 309. 

Layboume's experiments. 162. 

Lead tubes, pneumatic tranamiasiuo, 933. 

Leakage canals, 291. 

Leatl^ers, packing. 767. 

Leblanc's fire-alarm, 588. 

Lemlelle's ventilator, 413. 

Le Molt's lamp, 567. 

Lendal Bridge, 220. 

Length, 116. 

of Indicator cards, 776. 

Level canals. 290. 

Levels, coal mining, 372. 

LiddeU's double brick mschlne, 182. 

Lidgerwood engine, 592. 

Urt, Baldwin's, 836. 

Clark's, 439. 

Lifts, direct, 437. 

hoists and elevator^ 830. 

Lift, hydraulic, 441. 
Lifting dock, 440. 

dog. 1140. 

Lilt, Scott's, 438. 

screw, 438. 

Lights, buoys, and beacons, 830. 

distinctive characters ai, 830. 

fixed, 842. 

Lighthouse. Cape la Hfive, 838. 

Corbltets. 830. 

platform, Corbiire, 832. 

•— South Foreland, 836. 
Lighting railway carria^ea, 1068. 
Light, Lixard, 837. 

machine. Gramme's, 48X 

moulding. 635. 

lightning rods, 356. 

Light, Sooter Point, 843. 

LiUentbal's coal cutler, 406. 

Lime, 189. 

Limes, 330. 

Lime, burnt, 330. 

Limes and mortar, cement, concrete, 336. 

Limestone, analyris Stainton, 794. 

Limit of elasUdty of steel, 879. 

Limits of safety, 886. 

Lincolne belt Ikstener, 109. 

Line construction, land, 640. 

Shalt. 1091. 

^^ shafting pulleys Ibr, 1096. 

teaUng. 647. 

and testing for Jkults, 646. 

Linings, basic, 1 no. 

converters, refractory, 1109. 

Lining, cupoh^ 622. 

replacing converter* 1110. 

tubvs, 1140. 

wells, timber for, 1137. 

Links, band, 126. 

Lion's pyrometer, Tremeochinl and. 9^6. 

Llauids expansion, 718. 

LiUioftvcteur, 609. 

lithomarge, 794. 

Uvesey's washer, 682. 

Living resistance, dynamical or, 896. 

Lixard Light, 837. 

Llewf llyn's wheel for ooUieiy trams, 89. 

Lloyd's fiio, 611. 

tuyere, 624. 

Load of cast-iron girder, weight and, 238. 

Loam moulding, 634. 

Looomotive, Aveling and Porter's farm, 971. 

Burrell's fiurm, 971. 

road, 957. 

London's coupling Richards and, UOl. 
London and Kelljrs coupling, Richards, l IM. 

tcamwsy, 1131. 

Longworih's pneumatic hammer, 701. 
Lontin's lamp, 572. 
Lorient Viaduct, 197. 
Loss of meroury, 900. 
Louis Bridge, Saint. 263. 
Lubricator. Blackburn's oil. 94. 
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ACHINE. Abell's threshing. 96. 

Afaulte's moulding, 192. 

AlexandiT's coal cutting, 400. 
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Macbioe allUnoe, 478. 

Bellington and Diarbyiliire'B wheel mould- 

iDgB, 660. 

boring, 1148. 

Borl«ae*s ore-drfwing, 911. 

Bregoa's, 4T6. 

— — nugntrto-electriCk 137. 

— • brlck-sbaping, 187. 

brick •mafcitig, lAi. 

Brown*B hydraulic, 742. 

BrantoD and Trter'a Btone-dranlug, 1138. 

finish dynamo electric, 476. 

Sanden' and W^llliams' moalding, 193. 

Machines at Bute Docks, bydranllc, 747. 

and processes employed to dress ores, 906 

brick-pressing. 186. 

Champion's brick, 192. 

Clarke's, 475. 

Clayton's brick-moulding, 193. 

Cochrane's pipe-moulding, 656. 

Cooke and Uunter'a stone-moulding, 1124. 

De Meriten's, 486. 

double cylinder brick, 182. 

driUing, 403. 

drilling and boring, 864. 

Dunind and Morris' brick, 182. 

— — dynamo-electric^ 475. 

Edison's. 486. 

Efficiency, dynamo-electric, 496. 

Eureka, 39. 

— — experiments, electric, 490. 
Oramme, 497. 

Ferris and Miles' drUlb^ 865. 

firing; 136. 

for fixing boiler stays, 862. 

fricUonsI, 136. 

Qarrett's threshing, 97. 

Qoodwin's cbarooM, 76. 

Gramme, 480, 481. 
light, 482. 

— — > Oregson, Brown, and Son's drilling, 854. 
Hind's boring, 856. 

— Holdein's charging, 679. 
holing, 388. 

— — Holmes' magneto-electrfG, 479. 

Howard's moulding, 654. 

Hunter's stone, 1126. 

hTdraullc riyeUng, 869. 

— Keanley's mowing, 36. 
Lsdd's electric, 480. 

— ^ Uddell's double brick, 182. 
^— msgneto-electric, 476. 

Milbum's drying, 1082. 

milling, 859. 

Morrison's ooal-waahing, 361. 

moulding, 653. 

pipe-making; 192. 

Pixli's, 475. 

Ragricr^ 480. 

rolling, 865. 

Samuelson's two-horse mowing, 37. 

Machinery, animal charcoal, 68. 

bam, 95. 

«— stone worldng, 1116. 
— > stone-sawing, 1118. 

Scott's wbeel-mouldlnft 658. 

Seller's slotting, 858. 

semi-dry brick, 185. 

Siemens' dynamo-electric, 484. 

and Halske's, 478. 

-^» magneto-electric, 137. 

stone-sawing, 1117. 

Siubbs' brfcsk-presBing, 185. 

^— threshing, 95. 

tools. 847. 

1Yout6'8, 480. 

twist drill grinding, 863. 

Wallace-Farmer, 478. 

and Steeven's threshing, 96. 

Wilde's electric, 479. 

Whlttaker's wheel-moulding, 658. 

Mackenzie cupola, 620. 
Macklnder's wheel, 961. 
Magnet-electro, 180. 
Magnetic pyrites, roasting, 784. 
Msgneto-electric machines, 475. 

machlae, Breguet's, 137. 

— macliine. Holmes', 479. 

— machine, Siemens*, 137. 

Maier's pyrometer, 955. 
Main drain, 465. 
Mains, gas. 679. 
Main's pyrometer, 956. 

suMidlary, 465. 

Makers of pig iron, 316. 
Malleable cast iron, 837. 



Manganilierons iron, 317. 
Manhole, 1069. 1071. 

boiler. 151. 

— — flushing chamber, 1673. 

mode of entering, 1076. 

— ▼entllation, 1075. 
Mann's sleeping carriage, 1000. 
Manu&cture of gas, 672. 

of twits material and, 106. 

Manure spreader, 48. 

Marais' brick machine, Durand and, 182. 

Marron bar iron, analysis^ 810. 

iron bars, tests of, 80tf. 

Marsault's coal washer, 367. 

Martin's buddle. 908. 

Martin-Siemens' steel, compotition of. 875. 

— strength of, 871. 

Masonry piers, 199. 
Massey engine, 592. 
Material brickss 186. 
Materials for bridges. 333. 

of bridges. 195. 

oombinatkn of diflSerent, 896. 

compression, strength of, 884. 

of construction, strength of, 870. 

—— extension, strength of, 884. 

for sewers, 1066, 1U68. 

and manufacture, 105. 

sliding, strength, 885. 

strength and resistance, 883. 

torsion, streng^ ot 886. 

Victoria Bridge, 241. 

Mather and Piatt's boring apparatus, 11-16. 

tubes, 1154. 

Matthlesaen's unit, 550. 

Maxwell's planimeter, 287. 

Maynard's abutments, 216. 

McDonald's pyrometer. 956. 

MoGill's disconnecting hook. 276. 

McKay's drill, 857. 

McKeanrock drill, 976. 

Mcpherson's coal cutrer, Galloway and, 396. 

Meat and provision wagirons, 1016. 

Mechanical equivalent of heat, 709. 

rabbles, 811. 

— — sowers, 30. 

tests of iron and steel, 873. 

work, of plough, 20. 

Medina cement, 341. 

Medway bridge, 220. 

Mdkl^ohn's coal cutter, Rigg and, 399. 

Meltbigs of cast iron, 315. 

Melting points, 716. 

steel, 664. ^ 

Mercury. 899. 

deposit ott 899. 

unit, Siemens', 66A. 

Metals in casting, contraction of; 629. 
— — conductivities of, 725, 726. 
Metallic antimony, 83. 

casting iron on metals, 329. 

— — moulds, 631. 
Meters, 901. 
Meter, 902. 

Ashton and Storey's steam-power, 780. 

— Hannah's piston, 902. 
— — Moore's current, 903. 

Beid's, 903. 

water, 901. 

Microphone, Huf^MS*, 586. 

MIoro-tssimeter, 587. 

Midden, 1088. 

Milbam diring machine, 1082. 

Miles' drillli^ machine. Ferris and, 855. 

Mile unit, American, 550. 

Qerman, 550. 

Miller's boiler, 160. 

Milling machine, 859. 

Mill, pug, 181. 

MllU rolling. 816. 

Millstones. 335. 

Mill, wash, 332. 

Mllxoy's excavator, 204. 

BUltimore's railway car axles^ 90. 

Mines, 408. 

Mine drainage, 466. 

Mineral character of formation, 762. 

Mine ventilation, 411. 

Mining books, ooaU 416. 

coal, 368. 

— Kind-chandron eiystem, 387 

shafts, 372. 

MisoeUaneons data for telegraph testing, 548. 

Mlyer, Docwra's, 1138. 

Mixer pit, 1138. 

Mode of entering manhole, 1077 



Mode of motion, beat a, 713. 
Modelling, braaswork, 666. 
Modulus of elasticity, coefficient or, 878. 
Moisture in moulds, 323. 
Moments of cross girders. 453. 
Morin's dynamometer, 287. 
Morrison's coal washing machine. 361. 
Morse receiver. 558. 
Moulds, chill. 324. 
Mortar. 331. 354. 

cement, concrete, limes, and, 330. 

hydraulic, 331. 

for sewers, 1066. 

Moore's current meter, 903. 
Motion, Crawley's indicator, 776. 

heat a mode o( 713. 

Mottled clays, 763. 
Mould, 184. 
Moulds. 181, 328. 

chill, 321. 

Hackney's stopper, steel, 1113. 

Moulding, 630. 

bell, 671. 

clays, 631. 

— — hand, 191. 

machine, Cochrane's pipe, 656. 

cores, 640. 

dry san I or green sand, 633. 

hollow, 636. 

lathe bed, 642. 

light, 635. 

loam, 634. 

machines, 663. 

machine, Alnslle's, 192. 

bricks, 192. 

Morton's slips, 436. 
Motor battery. 521. 

Moulding machine, Bellington and Darbysliire's 
wheel, 660. 

Clayton's, 193. 

Cooke and Hunter's stone, 1 124. 
Howard's, 654. 
Johson's. 655. 

Sanders and Williams*, 193. 
Scott's wheel, 658. 
Whlttaker's wheel, 658. 

pipe, 642. 

plate, 641, 653. 

pulley, 641. 

-— - sand, 634. 

sands, 630. 

— sheave. 611. 

shell, 641. 

tools , 633. 

wheel, 668. 

Moulds, metal, 631. 

moisture in, 323. 

pipe, 643. 

steel, 1123. 

Mould. Bogar pan, 647. 

Mound foundation, rubble, 198. 

Mouthpieces, furnace, 152. 

Mowers, 34. 

Mower, Ottis Brothers', 38. 

Mowing machine, Kearsley's, 36. 

Mndhole boiler, 151. 

Mowing machine, Samuelson's two-horse, 37. 

Muffle, plough, 18. 

Multiple trananission, 636. 

Myers's engine, 592. 



N. 



AIRN'S wbed, 962. 
Navvy, steam, 1107. 
Near sea light! condensing power, 847. 
New red sandstone, water in, 761. 

Ross bridge, 215. 

Nominal horse power, 737. 
Northfleet chimneys. 356. 
Norwegian railway bridge, 261. 



0. 



AK underflrame, 1023. 
Office vans^ Post, 1013. 
Oil-gas apparatus, Piutsch's, 1058. 
Oil lubricator, Blackburn's, 94. 
Open spray tuyere, 801. 

web girders, 243. 

Optical apparatus. Hupkinson's, 838. 

Ores, alunUnous iron, 794. 

Ore, copper, 914. 

Ore-dressing machine. Borlase's, 911. 

Ores, heat for roasting. 783. 

Ore, iron, 782. 

Ores, machines and processes employed to dress, 

906. 
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Otm, predpUation, 901. 

roastiog, 9ul. 

spathic Iron, 198. 

SQiphar in, T84. 

Ore, Un, 906. 

Ormerod'» safety hook, 273. 

Ornamental oa«tingiii» 8*i9. 

Osborne's binder and harvester, 43. 

Ottifl Brothers' mower, 38. 

Otto gas engine, 600. 

Outcrop, position and general condition of, 765. 

Outridge engine, 693. 

Ovens, annealing, 326. 

Coke, 416. 

— — Brownery Oolllerjr, 416. 

Owen's, coppic coke, 422. 

Eaton's coke, 420. 

OJer's coke, 417. 

Goblet's coke, 421. 

— > Galloway's coke, 427. 

~— Seraing coke, 425. 

Owen's safety cage, 270. 

Oxide of iron, 189. 

Ozland's and Hocking's calclner, 91 1. 



JTACKING leathers, 757. 

rings, 766. 

Fan, combination ores, 919. 
Horn ores, 913. 

— mould, sugar, 647. 

— Patton ores, 919. 

Stevenson's ores, 920. 

Paper belting, 129. 
Parian cement, 341. 

Paris pneumatic system, 042. 
Parker's belt, 121. 
Partitions, 298. 

tmased, 299. 

Partridge's axles and axle boxes, 89. 

Passenger engines, 962. 

Patent coupling, Creeson's, 1100. 

Patterns cssting, 628. 

Patton pan, 919. 

Pedestal, lantern, 834. 

Pienstocks, 1078. 

Perkins' boUer, 154. 

Permanent joints, 107. 

Pemot fkimaoe, 811. 

Peronet's centre, 301. 

Petersen, and Pouillet's pyrometer, Schmidt, 

954. 
Petrie's lamp. Stalls and, 667. 
Petroleum engine. Hock's, 602. 
Pbelps' telephone, 585. 

printing telegraph, 661. 

Phenomenon, beat, 709. 

Philadelphia, boilers at. 169. 

Phonic wheel, Lacour's, 580. 

Phosphor bronse tuyere, 800. 

Photometer Jet, 687. 

Pieces, chemical composition of test, 076. 

Picker, 1188. 

Piers, 920. 

Pier. Brooklyn, 210 

Cliveden, 923. 

itosUng, 926. 

Westward Ho, 920, 023. 

Piers, Masonry, 199. 
Pig iron, 818, 817. 

Aakam Hiemalite, 7S6. 

— — — maksrs of, 316. 

■ Scotch, 816. 
Piles, 198. 

923. 

Pile, dimensions of, 929. 
^— Dixon's ca«t-lron, 921. 

driven, 928. 

driver, 927. 

— - drivers, conparison gunpowder and steam, 

98X 
— — Shaw's gunpowder, 929. 
>— — Id soft grotmd, gunpowder, 931. 

steam, 927. 

work ng of various^ 931. 

— driving time, 080. 
—— screw, 199. 

sheet, 306 

Plting, 885. 

Pillars, coal-mlning, 374. 



PIntach's oil- icas apparatus, 1058. 
Pipes, agrlcultorai drain, 466. 
Pipe charging, 170. 

dOfclUl. 

dolly, 1141. 

— — Irao ft>r sewers 1067. 



Pipe Jointing, 1067. 
Joints, 1145. 

— making machlms, 192. 

— mouldhig, 642. 

moulding machine, Cochfane's, 6M. 

moulds, 643. 

— Ibr sewers, 1066. 

ventilation, 1071. 

Pits, foundry, 661. 
—^ gully catch, 1078. 

kUn, Schedin's, 786. 

Pistons dimeufrlons, 939. 
Plstonless indicator, Ksoyon'i^ 781. 
Piston meter, Hannah's, 902. 
PIzii's electrical machine, 475. 
Plan of a bridge, 196. 
Planimeter, Amslei's polar, 287 

MaxweU's. 287. 

Sang's, 287. 

Planing tool holder, 861. 
Plant, boring, 989L 

drsdglng, 468. 

Plate battery, Qyme's compound, 520. 

Plates, bed, 638. 

<— composition of Shropshire boiler, 875. 

girders, 242. 

~~ girder strains, 242. 

moulding, 641, 653. 

Welding bteel boiler, 874. 

Platlbrm, Corbi^re Lighthouse, 832 
Platforms, weight of roadway and, 224 
Piatt's boring apparatus, Mather and. 1146. 

tubes, Matbar and, 1154. 

Ploughs, 16. 

oalance, 27. 

Plough bridle, muffle, cock or clevis, 18. 
cleaner, 18. 

— drainage, 19. 

drill. Tooth's. 33. 

dynamometer, 505.^ 

Ploughing, cost of steam-, 971. 
Plough, mechanical work expended, 20. 
Ploughs, steam, 22. 
Plough, Sutherland, 26. 

truck or carriage, 18. 

Pneumatic mttm, 208. 
— — transmission, 932. 

hammer, Longworth's, 701. 

stamp, Hu»hand's, 9u7. 

— system, Psria, 942. 
— — transmission air, 935. 

formulae, 936. 

-^— '— Iron tubes, 933. 

lead tubes, 933. 

stations, 934. 

typical station, 939. 

Pocket revolution Indlcaton. 11. 
Poggendorif battery, 521. 
Poiney Viaduct foundations, 200. 
Points and croaslngB, tramwav, 1 134. 

of explosives, firing, 609. 

Point light, Souter, 843. 

PbinU, melUng, 716. 
Polarised relay, Siemens*, 554. 
Polar planimeter, Amalers', 2b7. 
Popiea' dredger, 473. 
Portable cupola, 621. 

drilln, 855. 

hydraulic crane, 749. 

Porter^ engine, Aveling and, 971. 

farm uicomotive, Aveling and, 971. 

Portland cement, 341. 

— — qiudiiy, 335. 

Position snd general condition of outcrop, 765. 

Pokt^ffloe vans, 1013. 

Pots, annealing, 328. 

Pot miser, 1138. 

P(»uillet'8 pyrometer, Schmidt, Petersen, and, 

954. 
P(»wer, brake-, 170. 
— • Power, distant sea ll^t, oundenslnfr 846. 

— electric transmission of, 589. 
— — hammer, 687. 

Davy's, 700, 705. 

— -, horse, 737. 

indicated horse-, 737. 

meter, Ashton and Storey's steam-, 760. 

•~^ near sea light, condensing, 847. 

. nominal horse, 737. 

P»wen of surfaces, radiating, 723. 

(owing, 293. 

Precipitation, ore, 901. 
Preece's method, tranamlaslon, 524. 
Preservation and care of belts, 107. 
Prcss-brkk, 187. 
Press, compound. 752. 



Press ootUm, 754. 

horiaootal, 751. 

PnssM. hydimolic. 450. 7SI. 
Pressing mschlne, 186. 
Press snd stesm engine; 8M. 
Pi es suie inteiM i< y iug sppaiataa^ TM. 

Primary rocka. wata in, 761. 

Prlmross's hsmmer, Davis smL MX. 
PriniEs, coKvs and oor^ 646. 
Printer, Hughes' type-. S6». 
Printing, telegrapb, FfaelpB*. Ml. 
Prisms, saJmutha WwmVii ii n g , Ml 

holopbotal totally 

Process, BUlrX 818. 
Processes employed to 

906. 
Producer, ftiel, gas, 820. 
Products of combostloD, heat, TSS. 
Propeller knife boddi^ OOOl 
ProportkNu of chimneys. 361. 
Protector, Walker's waggon alMet. l 
Provistoo wsggoo% mest and, lOIC 
Puddling, 806. 

ftiraaoe, GrsmpCoo's, 813. 

Pug-mUU 161. 

Pulley for belts, Shiner s, 137. 

Pulleys, oooe, 113. 

Pulley for line shalUi^ 1095. 

moulding. 641. 

shjifta and, 411. 

Stanek'a guiding, 780. 

Pullman can. lOOS. 

Interior oC 1012. 

Pnlsometer, Hall's. 947. 
Pulveriser, Dingey's, 913. 

Jordsn'a, 916. 

Ryerson's. 917. 

Pulverising hanrow, RandalTSk 34. 
Pump, 943. 

— universal stesm, MS. 

Walker's. 945w 

Blake, 043. 

Hayward, T^ler. and Ooi'a 

Imray'a helical, 950. 

Kennard's ssnd. 303. 

Reoniff's wells, 951. 

shell, 1148. 

steam, 946. 

Pure Iron. 808. 
Puriflera. gas. 681. 
Pyrites. 429, 431. 

— Iron, 1»9. 

— - roaating m^n>«^ f M. 
pyrometer, 953. 

Bailey's, 965. 

Car^atelli'a. 954. 

Dsnieira, 954. 

Oauntlett's, 954. 

Maier's,955. 

Main's, 956. 

McDonald'a, 956. 

Schmidt, Petcnen. sad FMUlcOX 

Stelnls and Haitung's, 965. 

Trsmeschinl and Uoo's, OSi. 

Wedgwood's, 954. 

Wilson's, 956. 



QoADRANT 

Quadmplex telegraphs^ SoUth'a, 

telegraphy, 534. 

— • Kdtooo'Sk 534. 

Quality of cast Iron, 315. 

Portland cement, 335. 

Quantity of explosive fllllng hove 

ftiaes,l34. 

Qnazter-tura belts. 111. 
Quick8snd% 386. 
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lABBLESk msrhsnknl, 811. 
Rack, sUme, 911. 
Radiating powcn of sorftosi 
Rails, bc1d8^ 407. 
— on cliairs, 1130. 

cleaning trsm, 1134. 

— ^ colmnn, Barlow'a. 921. 

on concrete foundation. 1 131. 

^^ on contlnuoiu bearinga, 1131. 
Railings, wrougb5-buo, 329. 
Railway bridns, 123. 
-^ bridge, Norwegian, 361. 

strains. 349. 

csr szle. Dixon's, 90. 

MilUmore's, 90. 
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iUtlway carrUMIM. lighting. 1058. 

wheels, chilled oial-faroD, 325. 

Bainfall. 1062. 

lUke, RoIliDB' American, 47. 

Rameey and Fkber's detaching hook, 277. 

Randall's pulverising harrow. 34. 

Kanaome's emery wheels, 864. 

Rapleir electric lamp, 677. 

— lamp, 671. 

machine, 460. 

Ravi bridge. 201. 
Be^Mn, 34. 

Reaping aad binding machine, Wood's, 40. 

Re-Domtng kiln, 70. 

BeoeiTer, pnenmatic. 033. 

— '— Morse, 668. 

Recorder, Thomaoo Siphon, 663. 

train speed, 6. 

Bed alnminous ore, 794. 

hematite, 798. 

sandstone, water in new, 761. 

Reflecting prisms, Holophotal totally, 840. 
Refractory linings oonverteri, 1109. 
Refrigerating waggon, Tallerman, Oraning, and 

Dawnay's, 1019. 
Refrigerator car, 1007. 

Knotf s, 1018. 

Regmy's third-claas carriage, 991. 

RegoIatOTS, 17. 

Reid's meter, 902. 

Reis's telephone^ 679. 

Relays, 653. 

Relay, Allen and Brown's, 656. 

'^ American, 564. 

^_ Siemens' and HaUke*s, 6S3. 

— - Siemens' polarised, 664. 

Rennie's wells and pumps, 951. 

Repeater, Vlanisi's antomatic. 531. 

Replacing converter lining, 1110. 

Redstanoe, dynamical or living, 896. 

— > and elongation, 880. 

tnsnlation, 646. 

— of materially 883. 
Retorts, 674. 

Buwer'^ 673. 

charfrer. Best and Holden's, 678. 

West's, 677. 

coolers, and aooeasorles, 74. 

Denton's, 80. 

Henderson's steam, 676. 

revolving, 78. 

Beverberatory frimaoe, 626. 
Bevendng gear. Head's, 816, 817. 

hydranUc, 743. 

Bevolntion ooonten, 4. 
Bevolving cutters, holder for, 1127. 
— — hammer. Stag's, 707. 

— Beynier's lamp, 674. 
Bhone foundations, 198. 
Bihi horxe-shoe, 229. 

semi-elllpUc, 228. 

Bibs, strains on arched, 227. 
Blchankand Atkinson's bracket, 1102. 
lathe, 160. 

— '-coupling, 1101. 

indicator, 778. 

and Londcm's coupling, 1101. 

Bldera' hot>halr engine, 699. 

Ridger or horse hoe, 30. 

Blgby hammer, 691. 

Bigg and Meiklc^hn's coal cutter, 399. 

Biviere's coal waaher, 366. 

Rimer, Well, 1141. 

Blngs, trunnion, 1111. 

packing, 756. 

Blveting marJilne, hydraulic, 869. 
Blvet iron, composition of, 876. 
— — steel, composition of^ 876. 
Boads, concrete, 339. 
Boad locomotive. 957. 

roller, QeUerst, 970. 

Aveling's, 969. 

Boadways and platforma, weight of, 

224. 
Boadway bridge, 220. 

Trent brUge, 237. 

Roasting ores, 430, 

magnetic pyrites, 784. 

— — ore, 901. 

ores, heat for, 783. 

Book-blasting, 141. 

oompactk Masting, 142. 

conglomerate, blsittng, 14S 

drill, 130, 971. 

Barlow's 972. 

Burleigh, 974. 



Bock drill, Darlington. 976. 

Dubois-Frimoois, 973. 

-^ — Ingersol, 976. 

— — Jordan, 971. 

Kainotomon, 976. 

McKean, 976. 

Sach,976. 

Schram, 977. 

— Weaver'a, 971. 

Bocks, strstlfled, blasting, 144. 

water in primary, 761. 

Bods, boring, 1140. 

lightning, 866. 

top, 1140. 

BoUed Iron, shafting of cold, 1093. 
Boiler, AveUng's road, 969. 

chilled, 322. 

Gellerat's road, 970. 

— steam, 969. 
Bollini^ American rake, 47. 
Boiling machines, 866. 
— > mills. 816. 

stock, 984. 

Anterican, 103. 

BootflC blower, 616. 

boiler. 168. 

Boot cutters, lOX 
Bopes, 409. 

broken, 270. 

Rotary dynamometer, 612. 

horse power, 611. 

engines, trials of; 593, 594. 

hand dynamometer, 609. 

Round belts, 126. 

Rubber belts, 128. 

Rubble, mound foundstion, 198. 

Rule, the slide, 12. 

Running of belts, 110. 

Rupture imminent by flexure, 892. 

Ryezaon's pulveriser, 917. 
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ACE'S xtick drill, 976. 
Safety cages, 269. 

cage, Broadbent's, 271. 

Callow's, 371. 

Denton and Whittaker'ii 272. 

King's. 271. 

Owen's, 270. 

White and Grant's, 272. 

Whltelaw's, 272. 

fuse, 133. 

pip. King's, 273. 

— — books, 273. 

limlte of, 886. 

Saint Louis Bridge, 263. 

Saloon and sleeping carriage^ 996, 1003. 

— « composite^ 1005. 

Salt in bricks, 189. 

Samnelaon's mowing machine, 37. 

Sanders and WiliiamaT moulding machine, 

193. 
Sand moulding, 634. 

dry sand or green, 632. 

Sands tat mjulding, 630. 
Sand-pump, Kennard's, 203. 
Sand^ne, water In new red, 761. 
Seng's, planimeter, 287. 
Sanitary engineering. 1061. 

— — books on, 1090. 

Saw, Gonradi's stone, 1119. 

Glalster's stone, 1121. 

Sawing machinery, atone, 1117, 1118. 

Sawyer-Bfan burner, 577. 

Schedln's pit kiln, 786. 

Schlele's tan, 611. 

Schmidt, Ptrtersen, and Fouillet pyrometer, 

954. 
Schneider's steam hammer, 697. 
Schram air compressor, 66. 

gating car, 980. 

rock drill, 977. 

—— stone cutter, 1129. 
Scotch pis iron, 310. 
Soott's lift, 438. 

wheel moulding machhie, 658. 

Scrap iron, 316. 
Scratcher, 1139. 
Screw-cutting and turning lathe, 849. 

Uft,438. 

pan, 204. 

piles, 199. 

Sea light, condensing power, dtotant, 846. 
— — — near, 87. 
Seasoning timber, 627« 



Second-class carriage, 987. 
Sectional floating dock, 466. 
Self-feeder, Head's. 98. 
Self-sustaining crane, automatic, 822. 
Seller's double cone coupling, 1099. 
-— slotting machine, 858. 
Seml'dry brick machines, 186. 
Semi-elliptic rib, 228. 
Seraing ooke ovens, 426. 
Serrin's lamp, 669. 
Severn brldgBB, 230. 
Sewera, 1062. 

area of; 1064. 

brick. 1066, 1071. 

concrete for, 1068. 

discharge of; 1063. 

_ of egg-shaped, 1065. 

egg-shaped, 1064. 

fUl for cylindrical, 1066 

flashing, 1077. 

formula for, 1066. 

— — gas, 1080. 

iron pipes for, 1067. 

materiala for, 1066, 1068. 

mortar for, 1066. 

pipes for, 1066. 

ventilating grate, 1072. 

venttlatioD of; 1079. 

Shafte,311. 

chimney, 349. 

coal minlnfb 381. 

— — couplings, 1096, 1097. 

— — Charlton's, 1100. 

fitting, 1091. 

flexible, 1107. 

frimsoe,363. 

_ hangers for, 1101. 

line, 1091. 

— — mining, 372. 

— sad pulleys, ill. 

and abaft fittings, 1091. 

— — timberings 312. 

walling; 379. 

mining, 369. 

weighte of; 1092. 

Shafting of cold rolled iron, 1093. 

pulleys fbr line, 1096. 

Shaping, machine, brick, 187. 
Shaw's gunpowder pile-driver, 929. 
Shearing, holing and, 387. 
Sheathing, iron, 639. 
Sheave moulding, 641. 
Sheer frame, boring, 1143. 
Sheet piles, 306. 

— protector, waggon, 1032. 
Shell moulding, 641. 
——pump, 1148. 

Shepperd'a coal washing machine, 361. 

Shlnn's pulley for belts, 127. 

Ship, weight of; 460. 

Sliolrs atmospheric hammer, 700. 

Shoe, AveUng and^trelg's, 959. 

— — Thomson's, 969. 

Shoring, 303. 

and strutting, 310. 

Shropshire boiler plate, composition of, 875. 
Slemena* dvnamo^lectric machine, 484. 

— and lialake's mjchine, 478. 

and Halake Belay. 663. 

-^ lamp, Alteneck, 668. 

— ma^telo^lecirlc machine, 137. 

mercury unit, 660. 

polarised relay, 664. 

SigniJ, fog, 836. 

SiUo^ 189. 

SUIoon In iron. 318. 

Simpson's coal-breaker, Head and, 404. 

— ooal<ntter. Head and, 392. 
Shnnltaneous transmission, 622. 

— Edison's, 529. 

-^ . Steam's, 622. 

Single-decked wrougfat-lron oagi^ 267. 

and double belts, 119. 

Sinking, 377, 384, 386. 

bUsHng in well-, 1136. 

and boring, well, 1131. 

-^~ by underpinning, well-, 1134. 
Siphon recorder, Thomson, 563. 
Six-cylinder enfi^ West's, 696. 
Slse of boiler. 162. 

boilers. 149. 

headings, 1137. 

Skew bridge in embankment, 214. 
Slag firom Askam ftirnaoe, 796. 

bask:, 1109. 

bricks, 187. 
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^leepen, out-iron, 1133. 

Bleeping carriage, 9»8, 1001. 1004. * 

composite valoun and, 100&. 

Mann't, 1000. 

— ^— ealoon and, 996, 1003. 
SUde rale, 12. 

valve Indicator, Cooper's, 781. 

Sliding, strength of matenals, 885. 

due to flexure, 891. 

Slime rack. 913. 

SUppinff, belt, 111. 

Slips, Morton's, 436. 

Slotting machine. Seller's, 858. 

Slnlces, 308. 

Smith and Coventry's hanger, 1104. 

Smith's electro-medumlcal transmission, 626. 

Smith qa«draplex telegraphs, 535. 

Soft ground, gunpowder plleHiriver in, 931. 

SoUds, ezpaiisifm, 718. 

Solid half-lap coupling, 1097. 

Sonometer, Uughee*, 686. 

Sorting van, 1015. 

Sooter Point light. 843. 

South Foreland, dioptric ^>paratus, 844. 

lighthouse, 836. 

Southport tramway, 1131. 
Sowers, mechanical. 30. 
Spathic iron ore, 798. 
Specific heats, 715, 720. 
^>eed counters, 4. 

of transmission, 648. 

Spiegeleisen, 798. 

fumaoes, 799. 

Sponge, iron, 818. 
Spoon drills* 31. 
Spray tuyere, open, 801. 
Spreader, manure, 48. 

tuyere, 602. 

Spring, 769. 

bearing, 986. 

bufflng and draw, 986. 

•—carriage, 1023. 

darts. 1141. 

experiments on, 770. 

hook, 1140. 

Stacy's revolving hammer. 707. 
Stamp, Husband's pneumatic, 907. 
Stainton limestone, analysis, 794. 
Staite and Edwards' lamp, 566. 

and Prtrie's lamp, 667. 

SUtiooary boilers, 167. 
Stanck's guiding pulley, 780. 
Starback's calcining kiln, 787. 
Stations, pneumatic transmission. 931. 

typical. 939. 

Btatnei^ founding ot 671. 

Stays, machine for fixing boiler, 862. 

Steam boilers, 147. 

cultivation, 21. 

•— crane, Easton's and Anderson's, 820. 

travelling, 621. 

cylinder, 649. 

cylinders, 946. 

derrick crane, 820. 

domee, 151. 
— — engine, preas and, 868. 

testing with, 767. 

hammers, 6a9. 

— -^ Qerman, 69f . 

Ecbneider's, 697. 

Hercules, 821. 

-—'navvy, 1107. 

pile driver, 927. 

' pile drivers, gunpowder and. 932. 

ploughs. 22. 

— ploughing, cost, 971. 

~— power digging machine. Knight's. 27. 

meter, Aahtoo and Storey's, 780. 

—— pump, 945. 

Uayward. Tyler, and Co.'s, 9 17. 

Universal, 945. 

^— retort, Henderson's, 676. 
^— roller, 969. 

— tramwav oar, 964. 
Bteam's bridge duplex. 626. 

— — simultaoeoua transmission, 632. 
Steel. 1108. 

bars, testa of Fagersta, 807. 

belts. 129. 

— Bessemer, operstion, 1108. 

boUer-plates, welding. 874. 

Steel bridges. 261. 



coaposltloii of BcMener. 876. 

Martin-Slemeiw, 876. 

rivet, 875. 



Steel, composition of subcarbonised, 876. 

ooncuBsive tests of Iron and, 871. 

cutters, 1129. 

ingots, weighing, 1113. 

mvlting. 664. 

— moulds, 1113. 
» Hackney's stopper, 1113. 

limit of elasticity, 879. 

plates teats, 262 

strength oi; 870. 

— Uessemer. 871. 

— — crucible. 871. 

— — Martin-Semens. 871. 

— tests of hoop iron and, 807. 
Steering gear, hydraulic^ 744. 
Stetning. brick, 1137. 

Steinle and Hartung's pyrometer, 956. 

Stevenson's pan, 920. 

Stock, American rolling, 1033. 

rolling, 984. 

Stone and brick bridges, 21X 

cutter, Schrmm's, 1129. 

cutting, black diamonds for. 1116. 

dressing machine, Brunton and Trier's, 

1128. 

machine. Hunter's, 1126. 

— . moulding marhinf, Coo^e and Hunter's, 
1124. 

saw, Connull's, 1119. 

aiaister's, 1121. 

— - sawing machine, 1117. 

machinery, 1118. 

working machinery, 1116. 

Stop gates, 293. 

Stopper, steel mould. Hackney's, 1113. 

Stoves for brass, dxytaig, 670. . 

— — foundry, 660. 

HaidT^s briquette, 098. 

Straightening chimney shaft. 356. 
Strains upon arohod rfbs, 227. 
bars of bowstring girder, 266. 

— bowstring girders, 264. 

braced arch, 268. 

oable,643. 

——flange, 244. 

— on flange, bowstring girders, 266. 
on girders, 247. 

——on railway bridges, 249. 
Strain, timber bridges, 227. 

on triMses, 225. 

web of plate girder, 24X 

Stratified rocks, blasting, 144. 
Strength of belts, 105. 

of Bessemer steel, 871. 

-— ' cement and ooncrete. 340. 

of crucible steel. 871. 

iron, 870. 

Lancashire Iron, 871. 

Martin-Siemens steel, 87L 

— matprial, compression. 884. 

materials of construction, 870. 

-^ material extension. 884. 

materials sliding. 885. 

materials, torsion, 886. 

-— and resistance of materials, 883. 

of steel. 870. 

of Yorkshirs iron, 87 L 

Stresses, dock girders, 444. 

on flanges, 449. 

total, 454. 

Stroh's telegraph, Wheatstone and, 564. 
Strophometer, Hearson's, 9. 
Struts, 302. 
Strutting, 303. 

shoring and, 310. 

St. Thoroaa Dock, 457. 

Stubbs* brick- pressing machine, 186. 

Studs, Blake's belt, 109. 

Stud-block, 1141. 

Sturgeon's compressor, 60. 

hammer valve gear, 699. 

Sturtevant's fiuB. 612. 

Subcsrbonlaed steel, composition of^ 876. 

Submaiine cables, ounstructton, 537. 

—~ -^ submersion, 642. 

Submenion of submarine cables, 642. 

Subsidiary mains, 466. 

Sugar pan mould, 647. 

Sulphides, 431. 

Sulphnrator, agricultural, 104. 

Sulphur In ores, 784. 

Sunaoes. radiaUng powers of, 723. 

Surrey Canal, Grand, 367. 

Suspended boUer, HMd's, 168. 

Sttthertand plou^ 25. 

Suti^i bridipr, 201. 



Swedish bar iron, 874, 

iron, oompositioo ot, 87Sl 

Sweet's indicator. 779. 
Swiss units, French and. 66*. 
System, pneumatic, 268. 
— — Paris pneumatic 942. 
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Temping, 138. 

Tapping, 854. 

Targeta. erecting. 1105. 

Tasuneter, micro-. 687. 

Tsy bridge. 206. 

Taylor's engine, 966. 

Telsnaph, Oswper's writii^ iM. 

^Phelps' jHintii«. 661. 

Telsgimphs. Smith's quadntples. 135. 
Telegraph tasting, mlsoellaiMOQa dsta 

Wbeatstooe and Stroh's, 6g4. 

Telegraphy, fidisoa's qusdniplcx, »«. 

quadruplex, 634. 

Telspbons, 679. 

Ad(T, 684. 

Bell, 682. 

Bre«uet,68B. 

Edison. 684. 

Oower, 68SL 

Qrsy's, 582. 

Hughes'. 686. 

Ph^ps', 686. 

Bela, 679. 

Varley's, 580. 

Telesooi^ bolder. 686. 
Tllford^ oelltr^ 300. 
Temperature tests. 876. 
Tennanta' engine, 965. 
Tennlnge kiln, 787. 
TensU^ tests of steel, 879. 
Tension Aues, 134. 
Tests, BockUng, 166. 

oemfent,346. 

chemical oompositioo of oorroaiwc^ 97C 

boUers, 16& 

colour beat, 876. 

factory, 644. 

of Fagersta stael ban, 807. 

of hoop Iron and steel. 867. 

Testhig, electrical. 544. 

for firalts, 647. 

and line testli^ 546w 

instruments, drau^tt-, 566k 

Une, 647. 

m'soifllaneoQS data for tetegimpk, S4A. 

with steam engine, 767. 

Teats of iron and steeL mrchanlcal, tTSL 

— ooncosaive^ 87L 

of Marron iron bsia, 899. 

Tcbt pieces, chemical oimpoaitioB «C 97V 
Tests for steel plates, 262. 

of steel tensile, 879. 

temperature 875. 

wire, 544. 

Texture of bodies, 886. 

Thamm and Bothmuller's heating 

1057. 
Thermodynamics, 766. 
Thien' Lunp, Ifssssgne and. 667. 
Third-cksB carrlsge, Begrej's, Ml. 
Thomas' crsne, 822. 

dock, St.. 457. 

Thomson's engine, 966. 
Thomson jBslvanometer. 651 

and Boustan's lamp, 673L 

Thomson's indiostor, 777. 

klmrmiilfr method, 287. 

qnadrsnt electrometer, 652. 

»hoe,969. 

Thom^Mi siphon rcoonlcr. 563. 

Sterne, and Co.'s cacbon cngiiie^ ftM. 

Thomson's wheel. 968. 
Threshing mscMnw, 96. 
Thrsshing machine, Abell'k, 96. 

Garrett's, 97. 

Wallis and Stsefcns', 9C 

Tidal flap, 1V76. 
Tillers or handles, 1140. 
Timber, 396. 
bridges. 234 



Unit Scralnli«, 237. 

Timbering shafta, 312. 
— — trenows, 312. 
Timber for Unlng wells, 1137. 
»nlng, 627. 
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Tin ore, 908. 

Tira, Inditfabber, 960. 

Tontte, 609. 

Tools. blASting. 130. 

boring, isa, 1139. 

Tool grlndeni, 863. 

bolden, 860. 

bolder, doable, 862. 

pUnlng, 861. 

Tools, hydnulic, 866. 

machine, 847. 

— — moolding, 633. 

Tooth's ploo^ drill, 33. 

'J'op rod boring, 1140. 

Torsion, strength of materials, 886. 

Totally reflectuig prisms, holopbot«l, 840. 

Tower. 834. 

Towing powers, 393. 

Townsend chimney shsft, 355. 

Traction experiments, 877. 

gear, 121. 

Train speiBd-reoorder, 6. 
J'ramways, 1129. 

Glasgow, 1132. 

Edinburgh, 1132. 

Tramway cars, 963. 
— car. steam, 964. 

foondation, 1130. 

London, 1131. 

— — rails, cleaning, 1134. 

points and crosalngs, 1134. 

Southport, 1131. 

Transmission idr, pneumatic, 935. 

£dison's simnltaneoos, 529. 

duplex Yianlsi, 529. 

Farmer's duplex, 622. 

formnUe, pneumatic, 936. 

Frlschen, 524. 

iron tubes, pneumatic, 933. 

lead tubed, pneumatic^ 933. 

—— multiple, 536. 

pneumatic, 932. 

of power, electric, 589. 

I*reeoe, 524. 

simultaneous, 522. 

— — Smith's electro-mechonicaU 526. 
—— speed of, 548. 

stations, pneumatic. 934. 

Steam's simultaneous, 522. 

typ^*^ station, pneumatic, 939. 

Winter's, 527. 

Transmitter, Edison's carbon, 584. 

Tronsyerae vibrations for a homogeneous beam, 

897. 
Trap door, cupola, 624. 
Travelling crane, 820. 

stesm crane, 621. 

TrvmeKhini and Lion's pyrometer, 956. 
Trenches, Umbering, 312. 
Trent Bridge 236. 

roadttav, 237. 

Trevithick and Dlctcenson's floating dock, 454. 
Triangles, girdere, one series of, 244. 
Trouv6*s machine, 480. 
Trudu or bogies, 1012. 
Truck or carriage, plough, 18. 
Trunnion rings, 1111. 
Tnused parUUon, 299. 
Tnistiee, 296. 

strains on, 225. 

Tubi^ 380. 

Tubbing, iron. 383. 

Tube boiler, Hancock's, 153. 

damps, 1141. 

Tubes, dimensiono, 939. 
Tube, Field, 157. 
Tubes, fumooe, 150. 

lining, 1140. 

Mather and Flstt's, 1 154. 

pneumatic tranamisslon, iron. 933. 

lead, 233. 

wrought iron, 1141, 1144. 

Tubular foundations, 206. 
Turbine dynamometer, 513. 
Turning-lathe, screw-cutting and, 849. 
Turnip cutter, 49. 

topper, 50. 

Tuyere breasts, 796. 

coiled. 800. 

Hodgett's, 801. 

Tuyeres, 62a 

destmctlou to, 804. 

Lloyd's, 624. 

open sprer, 801. 

phosphor Monie, 80O. 

Tuyere spreader. 802. 



Tuyere, wster-Jocketed, 800. 

Twist drill grinding machine, 863. 

Two-horse mowing machine, Samaelson*s» 37. 

rwo>storied carriage, 993. 

rype printer. Hughes', 559. 

Typical station, r*'f*?*i^ft''' tiansmiioion, 939. 
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HR*S kiln, 787. 
Undercutting, 387. 
Underfhmie, oak. 1023. 
Underpinning, well-sinlring by, 
Underwood's angular belting. 127. 
Unit, American mile, 550. 

British Association, 550. 

electrical, 550. 

strain, timber bridges, 227. 

Vsrley** 550. 

Wheatstone's, 550. 

French and Swiss, 550. 

Qermsn mile, 550. 

Jooobl's, 560. 

Matthleasen's, 650. 

Siemens* mercury, 550. 

Universal steam pump, 945. 



Y ACUUM apparatus, 941. 
Vacuum brake, 171. 
— — Aspinall's automatic, 180. 

automatic, 174. 

Valve box, 176. 

gear. Sturgeon's hammer. 690. 

indieator, Oooper's sUde, 781. 

Vsrley, 932. 

Vaporisstion, latent heat of; 729. 
Vapour in air, watery, 724. 
Vans, PostH>ffice, 1013. 
Van. sorting, 1015. 
Varieties of belting, 126. 

of bricks, 191. 

of engines, 592. 

Varley's telephone, 580. 

unit, 650. 

>alves, 932. 

Ventilating grate, sewer, 1072. 
Ventilation, manhole, 1075. 
— — mine, 411. 
-^ pipes, 1071. 
^-^ of sewers, 1079. 
Ventilator, LemieUe's, 413. 
Vemou Bridge, 199. 
Viaduct foundations, Pdiney, 200. 

Kestlna, 205. 

Lorient, 197. 

Vianisi's automatic repeater, 531. 

duplex transmission, 5'i9. 

Vibrations for a homogeneous beam, transverse, 

897. 
Victoria Bridge, 240. 

^— materials, 241. 

Volsln's cupola, 621. 
Volbrath's hanger, 1104. 
Voltameter, differential, 956. 
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AD books, 1 1 39. 
Wsggon, coal, 1021, 1028. 
^— covered goods, 1029. 
— drop, Wrightson's blast fUmaoe, 804. 
Waggons, goods, 1020. 

meat and provision. 1016. 

sheet protector. Walker's, 1032. 

— — Tallerman, Omning, aad Dawnay 's refrige- 
rating, 1019. 
Waling, 313. 
Walker's pump, 946. 

waggon sheet protector, 1033. 

detaching hook, 275. 

Wallaoe-Farmer lamp, 573. 

machine, 478. 

Walling. 380. 

curb, 379. 

shaft, 379. 

Wallls and Stevens' threshing machine, 96. 
Warren girders, 244. 
Washer, Beard's coal, 363. 

Cothel's. 682. 

Green and Bell's cool, 361. 

Klngswood's. 361. 

Livesey's, 682. 

Marsault's coal, 367. 

Rivlire's cool. 365. 

-— ^ Sbepperd's coal. 361. 



Wsshlng apparatus, cool, 360. 

— cleansing and, 359. 

machine, Morrison's ooal, 361. 

Wash mill, 332. 
Water In alluvion, 759. 

breasts, 803. 

expansion of; 717. 

irrigation, 1081. 

Water-Jacketed tuyere, 800. 
Waterloo Bridge, centre, 301. 
— — meters, 901. 

In new red sandstone, 761. 

pipes, cement, 338. 

in primary rocks, 761. 

Watery v^tour in air, 724. 

Weaver's rock drill, 971. 

Web girders, oaen^ 243. 

Web of plate girder, strains, 242. 

Wedges, 302. 

Wedge, Jones, hydronUc, 404. 

Wedging, 383. 

curb, 379, 382. 

Wedgwood's pyrometer, 95 ft. 
Weighing steel ingots, 1113. 
Weight of boiler, 152. 
Weights of casttngi, 628. 
——' centre, 299. 
Weight of dock, 460. 

— and load of girders, 239. 

of roadways and platforms, 224. 

Weights of shafts. 109X 
Weight of ship* 450. 
Welding. 322. 

steel bdler-plotes, 874. 

WeU, incresaing yield of. 1136. 
Wells and pumps, Bennie's, 951. 
WeU-einklng, blasting in, 1136. 

and boring, 1134. 

— — t^ underpinning, 1134. 

Wells, timber for lining, 1137. 
Welsh DInas bridE, 353. 
Werdermann's lamp, 574. 
WestiuKhouse air-bioke, 177. 

lamp, 1059. 

Westman's kiln, 788. 
West's retort charger, 677. 

six-cylinder engine, 596. 

Westwsrd Hoi pier, 920, 923. 

Wet compressor, 56. 

Wheatstone's automatic apparatus, 556. 

and Stroh's telegraph, 564. 

unit, 650. 

Wheel, Adam's. 961. 
Wheels and axles, 984, 1012. 
Wheel. Boydell's, 958. 

Bray's, 958. 

Bremme's, 961. 

Wheels, chilled cast-iron railway, 325. 
Wheel for colliery trams, ]>lewellyn*s, 89. 
Wheels, contraction in r^t^Mng, 629. 

driving, 957. 

emery, 863. 

Wheel, Loconr's phonic, 580. 

Mackioder's, 961. 

moulding, 6S8. 

machine, Belllngton and Dorfayshlre's 

660. 

machine, Scott's, 658. 

machine, Whlttoker's, 658. 

Nairn's* 962. 

Wheels, Ransome's emery, 864. 
^^ heel, Thomson's, 958. 
White oast iron, 313. 

and Grant's safety csge, 272. 

WhiteUw's safety cane, 272. 
Wbittaker's safely cage, Denton and, 272. 

wheel moulding machine, 658. 

Wide bells, 119. 
Wtdmark's axle box, 91. 
Width, 115. 
Wilde's electric lamp, 577. 

machine, 479. 

Wlllan's engine, 596. 

WlUiamii' moulding machine, Sooden and, 193L 

Wilson's belt hooks, 109. 

hydraulic press, 750. 

— — induction oompensstor, 588. 
— — pyrometer, 956. 

— wronght-lron column, 921. 
Winch, hydraulic, 745. 
Winding gear, 927. 

Window frsmee, wrought and cast iron, 329. 
Wing walls and counterforts, abutments. 216. 
Wlnstanley and Barker's coal cutter, 388. 
Winter's, transmission, 527. 
Wire, guttapercha, 538. 
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Wire, indlanibber, 539. 
— Iron, 640. 

teste, 644. 

Wooden dmm curb, 1135. 

gates, 460. 

WoodTs retiring and binding macbtne, 40. 

Woodward's cupola, 621. 

Woolf boiler, 163. 

Woolwich Arsenal hammer, 694. 

Work, bronxe, 670. 

Working machinery, stone, 1116. 



Working of varions pile driven, 931. 
Work, mechanical, of plough, 20. 
Worm auger, 1139. 
Writing telegraph, Oowper's, 666. 
Wrightson's blast ftunaoe waggon drop, 804. 
Wrought- and cast-iron window ftames, 329. 
— iron arches, 240. 

bridges, 240. 

cages, 26?. 

columns, 260. 

columns^ Dowson's, 921. 



Wrou^t and cast-iron column, Wilson's, 921. 
— gates, 461. 

railings, 329. 

tubes, 1141, 1144. - 



lELD of well, increaaing, 1136. 
York cast-iron arch bridge, 234. 
Yorkshire iron, composition of, 875. 
.._ .... strength o^ 871. 



THE END. 
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